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PRECISION-TESTED 


B-P SURGICAL KNIFE HANDLES 


IN MANY RESPECTS the inherently superior qualities built 
into every Bard-Parker Knife Handle are as important to the 
surgeon as the comparable qualities which have established 
Rib-Back Blades as the finest cutting edges obtainable. 

B-P Handles are outstanding for durability. They are 
meticulously checked for weight, balance, finish . . . and 
most essential—a capacity to accurately and firmly accom- 
modate every B-P blade purchased for component use. 
Distinguishable from other available handles, the distal 
y ends of genuine B-P Handles are scientifically tapered and 

beveled to a Gothic Arch pattern for practical and time- 
conserving use in blunt dissection. 


SPECIAL HANDLES INCLUDE: 


NOS. 3L AND 4L ... Elongated Handles for NO. 9...Asmall, well balanced Handle es- 
use in deep surgery. pecially suitable for eye and plastic surgery, 
NO. 3L OFFSET ... An offset elongated Han- 


dle for use in hysterectomies. 


Ask your dealer 
BARD-PARKER COMPANY, INC. Danbury, Connecticut 
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A\\ WITH THE 
N= SINGER 


STITCHING INSTRUMENT 


Many ingeniously designed instruments 
have contributed, particularly in the last 
decade, to the extraordinarily high oper- 
ating efficiency of the modern surgeon. 

Yet it has remained for the Singer 
Surgical Stitching Instrument to place 


real suturing capacity in the operator's 
own hand. 

This precision-made instrument elim- 
inates the elaborate sterilizing, thread- 
ing and clamping preparation of numer- 
ous needles, and frees the operator from 
“hand-to-hand” dependence on surgical 
assistants. Stitching proceeds smoothly, 
deftly, rapidly —the instrument never 
leaving the surgeon's hand, even for knot 
tying. Indeed, the cutting of the suture 
material, too, may be dextrously com- 
pleted with the keen knife-like edge of demonsta 


the lance-point needle. a ing operative technique also available 
The Singer Surgical Stitching Instru- for group meetings. Write Dept. H-2 


ment is a surgical instrument of the 
highest quality — carefully balanced for 
easy manipulation in both deep and 
superficial fields. It employs any stand- 
ard suture material, and may be fitted 
from a variety of available needle sizes, 
shapes and styles. 

The instrument may be sterilized as a 
complete unit, or readily taken apart for 
cleaning and reassembly. All parts are 
rust-resistant. 


SINGER SEWING MACHINE COMPANY, Surgical Stitching Instrument Division, 149 BROADWAY, NEW YORK 6, N. Y. 


Personal demonstration available at your local Singer Shop 
Copyright U.S. A., 1944, by The Singer Manufacturing Co. All Rights Reserved for All Countries. 


Higher Operating Efficiency Better Suturing Control Greater Stitch Versatility Safer Op 


¥ 
) 
- 
: 
/ 
/ 
/ 
Ny 
&, 
: 
ith 
Kl AA/ | | 
My VV V | | 
ae ad | 7 -NOW A SCIENCE AS WELL AS AN ART | 


ogical 


“The specimens present absolute evidence... that 


5-0 chromic catgut retains its integrity in the tissues 
longer than larger sizes.’’* 

This—and other characteristics which enable 
D & G Fine-Gauge Catgut to perform every function 
of conventional sizes with less trauma and tissue re- 
action—has made it the suture of choice for a wide 


range of procedures. 


beh Kine-hauge latgut 


THE EVIDENCE—Comprehensive literature on the size of catgut 
in relation to wound healing will be submitted at your request. 


* Bower, John O. et al.: American Journal of Surgery, 47:20, 1940. 
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LL credit to our fighting marines who have 
done so much to establish a “bridgehead of 
victory.” And all credit to our intrepid military 


medical men who plunge right along with them to 


— miracles of healing under gas. trying 


J. SKLAR MANUFACTURING COMPANY 
LONG LSE city, N. ¥. 


Please protect and conserve 
your surgical instraments. 

Military needs are wide 
andl urgent. We will do 
pur best to fill essential. 
civilian 


WS 
a 
\S 
WE VE WG &\ SAI SN 
AY ts-throughout the world are Sklar tru- 
fronts “throughout the world are Sklar instru: | 
mts, always dependable in moments of crisis. 
\ FESS XG PHS 
WSS 

BARRY 

oh E U & MARINE LANDING FORCES. . 

| 
| 
3 


SURGERY 5 


.BIOTOSE 


ROLONGED adherence to thera- 

peutic diets, whether restricted 
for disease treatment, or for relief of 
gastrointestinal symptoms, frequently 
causes deficiency states unless fortified 
with a well-balanced dietary supple- 
ment. 
Biotose* contains the recognized en- 
tire B complex and vitamin C, plus 
whole liver extract and Phytin’ which 
provides Inositol. 


Available: 
Capsules in bottles of 40, 100, 500. 


“Trade Marks Reg. U. S. Pat. Off. 


CHRONIC COLITIS 
DIABETES MELLITUS 
CARDIAC CASES 
CHRONIC NEPHRITI 
ALLBLADDER DISEASE 
FOOD ALLERGY 


€: | Pharmaceutical Products, Inc. 
SUMMIT, NEW JERSEY 


CANADIAN BRANCH: 


MONTREAL, QUEBE 
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PRINCIPLES AND PRACTICE OF 


WAR SURGERY 


by J. TRUETA, M.D. 


Formerly Director of Surgery, General Hospital of Catalonia, 
University of Barcelona; Assistant Surgeon (E.M.S.) Wing- 
field-Morris Orthopaedic Hospital; Acting Surgeon-in-Charge, 
Accident Service, Radcliffe Infirmary, Oxford. 425 pages, 144 
illustrations. PRICE, $6.50. 


5-Point TRUETA Technic 


Prompt surgical treatment. 
Cleansing of the wound. 
Excision of the wound. 
Provision of drainage. 


Immobilization in a plaster-of-Paris 
cast. 


Listed above are the five essential principles in the biological treatment of 
wounds as formulated by Trueta, each and every one of which must be applied 
to ensure the greatest possible success. 


In this new book “PRINCIPLES AND PRACTICE OF WAR SURGERY,” 
Trueta sets forth in complete detail these procedures which he has adopted 
as a result of his experience in the Spanish War and in World War II. 
However the book is not confined to these methods alone, but deals fully 
with such important subjects as shock, transfusion, aerobic and anaerobic 
infections, including gas gangrene and tetanus, chemotherapy, antiseptics, 
anesthesia, skin grafting, amputation, and treatment of burns. 


Graphic illustrations such as those reproduced here supplement the text 
matter, supplying step-by-step visual guidance. You won’t want to miss 
having this authoritative text. Send for it today! 


The C. V. Mosby Company MJ 
3525 Pine Blvd., St. Louis 3, Mo. 


Gentlemen: Send me a copy of Trueta—Principles and Practice of War Surgery. 
Price, $6.50. 


...-Attached is my check. ....Charge my account. 
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Speed Wound Healing 


the extra proteins essential to tissue formation can be 


quickly, economically and conveniently 


supplied with parenteral 


Available for 


administration as al15% solution in 


parenteral and oral 


100 ¢.c. rubber-capped vials. Details 
of therapy available on request. 


in y& Company 
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Since 1855 .. . ESSENTIALS OF THE PHYSICIAN’S ARMAMENTARIUM 


NEW YORK KANSAS CITY DETROIT, MICHICAN SAN FRANCISCO WINDSOR, ONTARIO 


SYDNEY, AUSTRALIA 


AUCKLAND, NEW ZEALAND 
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A series of full color reproductions from the original 


portraits in oil, by famous artists, made possible by the 
generous cooperation of leading Medical Schools and 


other Medical Institutions. 


* 


Subjects for 1944 from the collection of 

the School of Medicine, University of Pennsylvania 
Dr. John B. Deaver | 1955-1931) by Adolphe Borie 
Dr. Charles H. Frazier | 1870-1936) by Frederick Roscher 
Dr. J. William White (1850-1916) by John Singer Sargent 
Dr. David Hayes Agnew | 1318-1892) by Thomas Eakins 
Dr. Philip 5y2 Physick | 1768-1837) by Henry Inman 
Dr. William Shipper (1736-1808) by C. W. Peale after 

Guibert Stuart 


* 


This series will appeat in eleven major surgical journals. 
Larger reproductions—suitable for framing, are available. 
free, to the medical profession. hospitals and libraries. 


ETHICON 
SUTURE LABORATORIES 


FROM THE PORTRAIT BY ADOLPH BORIE COURTESY SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 


Famed abdominal surgeon, teacher and writer. Noted for his operations on the ap- 
pendix and gall bladder. Author of “Surgical Anatomy” and “Appendicitis: Its 
History, Pathology and Treatment.” President, American College of Surgeons, 1920. 


No. 1 in the series, Great American Surgeons. Reproductions suitable for framing sent free on request to: 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N.J, 
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Hand- Polished Surgical Gut Suture 


Meeting U.S. P. Requirements 


Size 1, charted by the photoelectric micro- 
gauge, shows diameter irregularities 


& along entire length of strand. 


Ethicon Tru-Gauged Surgical Gut Suture 


Size 1, charted in same manner by the micro- 
gauge, shows gauge-uniformity resulting from 
exclusive Tru-Gauging process. This gauge-uni- 
formity gives greater strength by eliminating 


spots” that cause weakness. 


The proverb, “A chain is no stronger 
than its weakest link,” holds true in the 


science of suture making... By having 
no “low spots” Ethicon eliminates the 
“weak links” that cause breakage. 
In the graphs above, made on a 
specially-constructed photoelectric 
microgauge, it is demonstrated that 


a hand-polished suture meeting U.S.P. 
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requirements may vary in diameter 
more than six times as much as the 
Ethicon suture. Ethicon’s superior 
gauge-uniformity, giving greater uni- 
formity of strength, is accomplished 
by the exclusive Johnson & Johnson 
Tru-Gauging process. For all that is 
best in a suture . .. to serve your skill 


as a surgeon... specify Ethicon. 


TWO MORE ETHICON EXCLUSIVES — Ethicon’s Lock-Knot Finish creates a uniform grip- 
ping surface that aids in locking the knot. To guard against premature absorption in tissue, 
Ethicon’s Tru-Chromicizing process gives uniform chrome deposition from center to periphery. 
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nimal suture trauma 


EYED NEEDLE ATRALOC NEEDLE 


The eyed needle does greater injury The Atraloc needle causes minimal 
to tissue because it pulls a looped injury. It pulls a single strand, 
suture in its wake. slightly smaller than the needle. 


ATRALOC NEEDLES HAVE SUPERIOR HOLDING POWER 


@ The name “Atraloc” designates our uniquely designed swaged needle, which is attached 
to the suture by our own exclusive process. The shank of the Atraloc needle is specially 
constructed to give maximum holding power on the suture. Extensive laboratory tests 
have proved that Atraloc needles hold on pulls in excess of U.s.P. tensile strength require- 
ments for sutures pulled over a surgeon’s knot. 

The Ethicon line contains a wide selection of sutures with Atraloc needles, straight 
or curved, in all approved designs and sizes. 


ETHICON SUTURE LABORATORIES 


DIVISION OF 


World's Largest Manufacturer of Surgical Catgut 


Suture Laboratories at New Brunswick, N. J.; Chicago, Ill.; Brazil; Argentina; England; Australia 
Copyright 1944, Johnson & Johnson _—Printed in U.S. A. 
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Completely conceals all skin discolorations— 


COVERMARK 


for post-operative scars, birthmarks, vitiligo, 
LYDIA O’LEARY, INC., 551 FIFTH AVENUE, NEW YORK 19 ® Chicago (2): 30 N. Michigan 


Up-To-Date Books For Surgeons 


@ SURGERY OF PANCREATIC TUMORS—by Alexander Brunschwig. 421 
pages, 123 illustrations, 1 color plate. PRICE, $7.50. 


@ ESSENTIALS OF GENERAL SURGERY—by Wallace P. Ritchie. 813 
pages, 237 illustrations. PRICE, $8.50. 


@ SYNOPSIS OF OPERATIVE SURGERY—bDy H. FE. Mobley. 
illustrations. PRICE, $5.00. 


375 pages, 339 


@ SYNOPSIS OF THE PREPARATION AND AFTERCARE OF SURGI- 
CAL PATIENTS—by Hugh C. Ilgenfritz and Rawley M. Penick. With a 
foreword by Urban Maes. 532 pages, 55 illustrations. PRICE, $5.50. 


SURGICAL TREATMENT OF HAND AND FOREARM INFECTIONS 
—by A. C. J. Brickel. 300 pages, 166 text illustrations, 35 plates including 10 
in color. PRICE, $7.50. 


OPERATIVE GYNECOLOGY—pby Harry Sturgeon Crossen. 5th edition. 
1076 pages, 1262 illustrations. PRICE, $12.50. 


FRACTURES, DISLOCATIONS AND SPRAINS—by J. Albert Key and 
H. Earle Conwell. Third Edition. 1278 pages, 1259 illustrations. PRICE, $12.50. 


OPERATIVE ORTHOPEDICS—by Willis C. Campbell. 
illustrations, 4 color plates. PRICE, $12.50. 


1154 pages, 845 


@ TRAUMATIC SURGERY OF THE JAWS—by Kurt H. Thoma. 315 pages, 
282 illustrations. PRICE, $6.00. 


@ SYNOPSIS OF TRAUMATIC INJURIES OF THE FACE AND JAWS— 
by Douglas B. Parker. 328 pages, 226 illustrations. PRICE, $4.50. 


@ HANDBOOK OF ORTHOPEDIC SURGERY—)by Alfred R. Shands, Jr. 
Second Edition. 567 pages, 154 illustrations. PRICE, $4.25. 


@ FRACTURES OF THE JAWS AND OTHER FACIAL BONES—by Glenn 
Major. 446 pages, 225 illustrations. PRICE, $7.50. 


The C. V. Mosby Company — Publishers — St. Louis 3, Mo. 
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WIELLIAM JONES, PH.G. 


required for grinding pancreas glands and 
processing them through a complicated 


Wuen THE poors of the Jones Pharmacy 
opened for business many years ago, young 
Mr. Jones, then just out of pharmacy school. 
had some definite ideas about the manner 
in which a prescription department should 


series of extractions, concentrations. and 
purifications had no place in his store. Mr. 


Jones’s Insulin is manufactured in Indian- 


be conducted. He knew all about fresh crude 
drugs, and he could triturate, macerate, and 
percolate with the best of them. He provided 
sparkling glassware, and his finished pre- 
scriptions were things of beauty. He oper- 
ated very successfully and the doctors liked 
to have him do their compounding. 

Things have changed since that day when 
Mr. Jones opened his store. For example, 
along about 1923 quite a commotion was 
raised over something called Insulin, dis- 
covered by a couple of fellows up north. 
Mr. Jones immediately established an Insu- 
lin department. He was quick to realize, 
however, that the tons of equipment 


ELI LILLY AND COMPANY 


INDIANAPOLIS 6, 


apolis, miles and miles away. 

The production and standardization of 
Hetin (Insulin, Lilly) in its various strengths 
and modifications is but one of the many 
contributions Eli Lilly and Company has 
made toward the improvement of Pharma- 
cist Jones’s service to the medical profession. 


BUY WAR BONDS 


INDIANA, JY S.A. 
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SURGICAL CARE OF THE WOUNDED IN THE UNITED 
STATES ARMY* 


MaJor GENERAL NoRMAN T. Kirk, SURGEON GENERAL 
UNITED StTaTES ARMY 


LTHOUGH in this war greater obstacles are encountered in provid- 

ing adequate care of the wounded, the mortality and morbidity 
rates among our wounded are the lowest in the history of warfare. This 
gratifying achievement is the result of a carefully planned and inten- 
sively applied program of medical care which extends from the front 
line of battle to the general hospitals here at home. It is designed to 
save life by instituting treatment as soon after injury as possible and 
to restore maximum function by applying the most effective therapeutic 
measures known to medical science. That this program has been emi- 
nently successful is due to a number of factors, among the most impor- 
tant of which are intelligent mobilization, training and organization of 
personnel, advancing hospital facilities as close to the line of battle as 
possible in order to render prompt and specialized surgical care, inereas- 
ing speed of evacuation of the wounded, and application and _ utiliza- 
tion to the fullest extent of the most modern developments in medical 
therapy. In addition to these factors, there is still another which has 
contributed as much or even more to the unqualified success of this pro- 
gram. This factor is concerned with the functional performance of our 
individual medical officers whose rapid metamorphosis from civilian to 
rigorous military life and ready adaptability toward their new responsi- 
bilities have been executed with remarkable efficiency. I would pause 
here to pay tribute to their inspiring devotion to duty, their physical 
and moral courage, their proficient skill, and the heartening enthusiasm, 
determination, and ingenuity which they have displayed in attacking 
their varied problems. 


Received for publication, Dec. 14, 19438. 
*The Eleventh E. Starr Judd Lecture in Surgery, University of Minnesota Medieal 
School, Minneapolis, Minn., Dec. 6, 1943. 
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In order to permit a better understanding and appreciation of the 
problems encountered and the difficulties to be overcome in the adequate 
eare of the wounded in this war and the plan upon which the modern 
scheme of medical care and evacuation has been based, it is deemed 
desirable to review briefly certain important considerations. It has been 
widely publicized that in contrast with previous wars this conflict is 
keynoted by a high degree of mechanization and mobility. This charae- 
terization demands thorough comprehension of the factors involved, in 
order to permit an adequate realization of the medico-military problems 
that are immediately posed in the adequate care of the wounded. Thus, 
during the active phase of engagements there may be a rapid progression 
of troops, leaving the wounded scattered over a large area, and even a 
constantly moving battalion-aid station will find it difficult to keep up 
with this advance. Many of these wounded must be sought on the battle- 
field where they lie after being hit and require litter transportation, the 
difficulties of which are further increased in regions of poor roadways 
and mountainous or jungled terrain. For similar reasons, their evacua- 
tion to the rear frequently requires fatiguing and time-consuming litter 
transportation. It becomes evident, therefore, that the first great ob- 
stacle in the administration of ideal treatment is the time elasping be- 
tween the occurrence of the injury and the institution of treatment. An- 
other important factor in this connection is the greater power of ord- 
nance which is being used in this war. As a result of these more power- 
ful destructive agents, a higher incidence of severe injuries must be 
expected with consequent increased tissue damage and resultant shock. 
If these patients are to be saved they must be reached quickly, treated 
promptly, and handled gently. Even were their immediate removal 
from the battlefield to a hospital far to the rear possible, their condition 
of impending shock would make this highly undesirable. Still other 
problems which deserve consideration and which are unique in this war 
are those involved in the care of the wounded in amphibious operations. 
In these hazardous operations the difficulties of reaching and transport- 
ing the wounded and in providing adequate treatment are increased 
tremendously and the time factor is emphasized further. It has been 
a well-established principle that the sooner treatment of the wounded 
ean be instituted the more successful are the results. This principle is 
emphasized in the plan of medical care in the forward area. The pro- 
gram is designed to overcome the difficulties enumerated previously 
which delay treatment, and to reduce the period between injury and 
institution of therapy to a minimum by shortening the distance between 
first-aid stations and units possessing the personnel and facilities for 
emergency surgical treatment and by constantly increasing the speed 
of evacuation. That these have been highly successful in overcoming the 
various obstacles described and in providing prompt surgical treatment 
is shown by the fact that the time elapsing between occurrence of in- 
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jury and first-aid care has averaged less than one hour, and between 
injury and emergency surgery at an evacuation hospital less than ten 
hours. 

In order to permit a better coneept of how this program of medical 
eare and evacuation of the wounded in the combat zone functions, it is 
considered desirable to describe the component units of forward medical 
service and their mission. As previously stated, the program was 
planned with the view of utilizing every means possible to reduce to 
a minimum the time elapsing between the occurrence of the injury and 
the institution of therapy. Accordingly, treatment of the wounded in 
the combat zone is divided into two stages, i.e., the primary phase of 
treatment and the more definitive or emergency surgical treatment. 

Each stage of treatment is provided by separate units with facilities 
designed for these respective purposes. The primary phase of treatment 
consists essentially of arrest of hemorrhage, administration of sulfona- 
mides, application of occlusive dressings and splints, and the institution 
of resuscitative measures necessary to make the patient transportable. 
These are the urgent functions of the first and second surgical echelons 
which are comprised of battalion-aid stations and collecting and clearing 
stations. The lightly wounded, whose injury is such that treatment 
would permit immediate return to duty, are cared for in these stations. 
In addition, patients with injuries requiring immediate operation in or- 
der to save life can be treated in reinforced clearing stations. Provisions 
for emergency surgery of this nature may be made by attaching to cer- 
tain clearing stations surgical teams properly staffed and equipped to 
perform these procedures. All other cases requiring emergeney surgery 
are evacuated directly to evacuation hospitals in the third echelon. It 
should be emphasized that in this method of furnishing early surgical 
eare of the wounded the plan of evacuation must not be regarded as an 
assembly line along which the patient receives part of his treatment at 
each station, but rather as a conveyance line along which the patient’s 
condition is carefully checked and procedures to save life or to render 
him transportable applied. This may be better illustrated by describing 
the procedure that is followed from the time of injury until the wounded 
soldier is admitted to the hospital. All soldiers are carefully instructed 
in the principles of first aid which, depending upon the circumstances, 
they may apply upon themselves or upon their injured comrades. Com- 
pany-aid men who are members of the medical department and specially 
trained in rendering first aid, proceed immediately behind combat troops 
and in certain operations actually go along with fighting troops. These 
company-aid men seek out the injured on the battlefield and apply first 
aid by administering morphine to relieve pain, by placing a dressing on 
the wound to prevent further contamination and to control hemorrhage. 
Litter bearers who are also near by and who follow the company-aid 
men, splint fractures, remove the casualty by litter, carry, and direct 
the walking wounded to the first-aid station which is as close to the 
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line of combat as is compatible with the performance of its mission. De- 
pending upon the circumstances, this may be a few hundred to a few 
thousand yards behind the line of attack. A medical officer here care- 
fully examines the wounded soldier, appraises his condition, and deter- 
mines his priority in evacuation in accordance with the type and charac- 
ter of the wound. Plasma may be administered to combat shock, the 
control of hemorrhage is assured, wound dressings and splints are 
checked and, if necessary, secured and adjusted, and sulfonamides ad- 
ministered. As soon as feasible the patient is evacuated by litter to 
a collecting station which is located several hundred yards behind the 
battalion-aid station. At the collecting stations the wounded are again 
inspected, bandages and splints are adjusted, tourniquets are loosened, 
and dressings are changed if necessary. Additional plasma is admin- 
istered in cases in which the threat of shock is present. As soon as it 
has been determined that the patient is transportable, he is evacuated to 
the clearing station which is usually a few miles farther to the rear. 
This is usually accomplished by ambulance, but may also be done by 
converted jeep or truck or by litter, under certain conditions of terrain. 
The clearing station is equipped to give more elaborate supportive ther- 
apy, but no actual surgery is performed here unless it is urgently in- 
dicated. The casualties are critically examined and classified in the 
receiving department or triage. 

Many slightly wounded soldiers may be fit for duty after little or no 
further treatment. Patients in shock or impending shock are admitted 
to the shock section. Patients whose splints need adjustment or whose 
wounds require inspection or redressing are admitted to the surgical 
section. Certain types of wounds such as head wounds, sucking wounds 
of the chest, and abdominal wounds are given priority in evacuation to 
the hospital, but if the injury is such that further removal to the rear 
without surgery would be life-endangering, immediate operation may be 
done by the attached surgical team, if available. All other wounded are 
then evacuated to the nearest hospital staffed and equipped to perform 
adequate surgical treatment and possessing facilities for postoperative 
care, which in most instances is the field or evacuation hospital. Thus, 
it may be observed that the wounded soldier has been provided with the 
therapeutic measures necessary to save life and limb and to deliver 
him to the hospital in a condition permitting emergency surgical treat- 
ment. 

At the evacuation hospital the first phase of definitive surgery begins. 
A eareful assessment of the patient’s general condition is made and 
necessary preoperative supportive measures applied. Roentgenographic 
or fluoroscopic examination is performed and the type and extent of 
surgery ascertained. The surgical management of the wound is then 
instituted. Whereas the fundamental principles involved in the treat- 
ment of wounds are similar no matter how incurred, in war wounds 
some optative measures are precluded and certain modifications are 
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necessitated in accordance with military expediency. Thus, in civil life 
the wounded patient ean be quickly brought to a fully equipped modern 
hospital and operated upon within a few hours. Under these ideal 
conditions where the patient can remain in the hospital until he has 
completely recovered and where he ean be closely watched during this 
entire period by the same surgical team, the procedure of débridement 
and primary closure is admittedly the most desirable. In military 
practice these ideal conditions do not exist. Therapeutic procedures 
must frequently be done under adverse circumstances and expediency 
becomes an absolute necessity. Even were it possible to perform the 
débridement within a few hours after injury, it is rarely possible to keep 
the patient in the same hospital and under the constant watchfulness 
of the surgical team that does the operation until complete healing and 
recovery has occurred. The evacuation hospital has been so termed be- 
cause it signifies its essential function. The patient must be evacuated 
to a general hospital as soon as his general condition permits transporta- 
tion, otherwise the bed capacity of the evacuation hospital is soon reached 
and its function lost. The dangers of primary closure of the wound 
under these conditions are obvious and the soundness of the principle 
of leaving war wounds open after débridement becomes evident. Yet 
this principle in war surgery, which became well established in the last 
World War and reaffirmed in subsequent conflicts, is too often not 
observed by surgeons who have recently arrived in the combat zone, 
as well as at home. Disregard of this basic precept of war surgery al- 
most invariably leads to disastrous consequences and is clearly illus- 
trated by the following example: During the earlier part of a campaign 
in one of the overseas theaters, wounds were left open and practically 
no serious infections and only one case of gas bacillus infection were 
observed in the wounded évacués. Subsequently, the wounded from this 
area began to arrive with closed wounds and the incidence of gas bacil- 
lus infection rapidly rose to almost 2 per cent. Other mistakes which 
are commonly made by the uninitiated war surgeon are tight plugging 
of the wound by packs, failure to immobilize the site of injury, over- 
excision of the skin, failure to open deep spaces, lack of appreciation 
of the shattering power and extensive tissue destruction produced in war 
wounds, and failure to pad and to bivalve casts of the extremities. 

It is, therefore, apparent that although the basic principles in the 
management of wounds are applicable, certain factors under war con- 
ditions deserve consideration. Every war wound must be regarded as 
potentially infected and its conversion into a clean wound is essential. 
In accomplishing this by performing débridement, emphasis is placed 
upon the following procedures: Because tissue damage is frequently 
more extensive than is apparent on the surface, adequate exposure to 
permit access to all parts of the wound is absolutely necessary. In doing 
this very little skin need be excised, but good exposure may require longi- 
tudinal incision of the skin and the fascial planes. Readily accessible 
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foreign bodies and especially pieces of clothing, particles of bone com- 
pletely separated from the periosteum, and blood clots are removed. 
It is also important to excise all tissue that is soiled, devitalized, or has 
an impaired circulation. This is particularly true of muscle tissue. | 
Hemostasis is effected and vaseline gauze dressings are laid loosely in 
the wound but not packed in. No sutures are to be used. These wounds 
must be left open. The part should then be immobilized by adequate 
splinting, even in the absence of fracture. A stimulating or ‘‘booster’’ 
dose of tetanus toxoid is routinely administered. In this connection it 
is noteworthy that no case of tetanus has occurred in American soldiers 
who have been properly immunized and have received these tetanus 
toxoid injections. 

Although in general the surgical management of wounds of the soft 
parts in the evacuation hospital is essentially as described, there are 
certain distinctive procedures applicable to special types of regional 
wounds. Head wounds have comprised less than 10 per cent of all 
wounds. Because these patients do not withstand transportation well 
after operation, they are given priority (consideration) in evacuation to 
the hospital where adequate surgical treatment and postoperative care 
are feasible. Even a transport time of forty-eight or seventy-two hours 
does not contraindicate this policy since it has been demonstrated that 
operation can be delayed this long and more satisfactory results obtained 
in head wounds if this procedure is followed. At the hospital careful 
débridement of the scalp is done with every effort made to conserve as 
much skin as possible. In compound fractures, loose bone fragments 
and accessible foreign bodies are removed, and if necessary the bone 
defect may be enlarged, but extensive bone flaps are avoided. Evidence 
of an underlying clot demands opening the dura and evacuation of the 
clot. When the dura has been penetrated and damaged brain tissue is 
present, it may be removed by gentle irrigation and suction. These 
wounds must not be packed but should be closed around a small drain. 

Maxillofacial wounds have been relatively few and have not consti- 
tuted a serious problem. The important consideration in the emergency 
surgical treatment of these wounds is conservation of tissue in order to 
facilitate subsequent reconstructive procedures. Moreover, in contra- 
distinction to the general rule of leaving war wounds open, these wounds 
should be closed if this can be accomplished without producing undue 
tension. It has been found preferable in cases with wounds opening 
into the buccal or nasopharyngeal cavities complicated by a compound 
fracture, to approximate the lacerated soft parts by bandage and ad- 
hesive strips rather than suture. 

Certain types of chest wounds demand special attention. Sucking 
wounds of the chest require immediate closure and earlier in the war 
this was being done by emergency suture without adequate débridement. 
This frequently resulted in tension pneumothorax with consequent death 
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on the way or shortly after reaching the hospital. In others the wound 
soon became infected and broke open, thereby greatly increasing the 
difficulties of management. For these reasons it has been found more 
desirable to effect emergency closure by the application of a pad of 
gauze heavily coated with vaseline and folded to fit the wound. This 
may be held in position in large wounds by attaching it to the skin edges 
with a few sutures, over which a supportive gauze dressing is securely 
strapped. These patients are given priority in evacuation to the hos- 
pital where wound débridement and surgical closure can be properly 
done. Tension pneumothorax requires immediate relief by aspiration or 
release of air through a needle inserted into the chest. During evacua- 
tion the recurrence of tension pneumothorax must be considered and in 
order to obviate this it has been found best to arrange a flutter valve 
which ean be fitted to the needle or small catheter which has been in- 
serted into the pleural cavity. This can be made from thin rubber 
tissue such as that from an old rubber glove, a Penrose drain, or other 
items made of similar material. Novoeain block of the intercostal nerves 
supplying the injured area has been found especially useful in eon- 
trolling pain in cases of rib fractures and other chest wall injuries. Con- 
servatism has been the keynote in the management of simple hemo- 
thorax. Simple aspiration to relieve respiratory embarrassment without 
air replacement has given the best results. Progressive internal bleeding 
is usually from the chest wall or from a large visceral or mediastinal 
vessel. This demands either revision of the wounds of entrance and 
exit or thoracotomy. 


Whereas abdominal wounds comprise a relatively small number of 
all war wounds, they are particularly important because they contribute 
most to the case fatality rate. This is accounted for by the frequency 
and gravity of such complications as shock, hemorrhage, and peritonitis. 
The seriousness and early development of these complications demand 
emergency surgical treatment as soon after injury as possible. More- 
over, these patients cannot tolerate early transportation after operation. 
For these reasons these patients are given priority in direct evacuation 
to hospitals where facilities exist for emergency surgical treatment and 
adequate postoperative care. Accordingly, depending upon the cireum- 
stances, they are treated by the surgical teams attached to a clearing 
station or at an evacuation hospital. In addition to the well-established 
principles that are followed in the surgical management of these cases, 
the procedure of exteriorization in large bowel injuries has been found 
particularly valuable. Indeed it may be considered as one of the im- 
portant advances in military surgery in this war. The damaged seg- 
ment of bowel is simply and expeditiously exteriorized by drawing it 
out through a separate incision, preferably in the flank. The formation 
of a spur greatly facilitates subsequent closure. The Levine tube and 
Wangensteen suction, along with sulfanilamide, have saved many lives 
in prevention and treatment of peritonitis. 
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Wounds of the extremities have always comprised the largest number 
of war injuries and in this war have accounted for about 65 to 70 per 
cent of all wounds. Obviously, from a medico-military point of view, 
they are the most significant type of war wounds. The preliminary 
surgical treatment of most of these cases is done at the evacuation hos- 
pitals and for wounds of the soft parts is essentially as described. 
However, nerve and blood vessel injuries and compound fractures, 
which are the most important complications of these wounds, deserve 
further consideration. The significance of nerve involvement is shown 
by the fact that from 12 to 15 per cent of all extremity wounds are 
complicated by injury to major nerve trunks. Accordingly, the pos- 
sibility of this complication has been emphasized and efforts made to 
direct attention toward its early recognition. Primary anastomosis of 
severed peripheral nerves is not generally feasible but should be at- 
tempted if the nerve ends are readily accessible and ean be approxi- 
mated without tension. If this cannot be done, the injured nerve ends 
should be identified and a sling suture of fine stainless steel wire placed 
between them or they should be anchored with similar suture material 
to the surrounding tissue, in order to prevent retraction. Metal suture 
material is advocated here because it facilitates roentgenographie iden- 
tification preceding subsequent repair. In order to minimize the irrep- 
arable degenerative changes that occur in the end plates of severed 
nerves, these patients are evacuated to neurosurgical centers in this 
country as soon as possible for operative repair and the necessarily 
prolonged postoperative care. 

Peripheral vascular injuries, especially those involving major vessels, 
are also significant complications since they may lead not only to loss 
of limb but also to the loss of life. The vessel may be lacerated, par- 
tially or completely severed, thrombosed, or in acute spasm. In cases 
requiring ligation and in order to eliminate the dangers of secondary 
hemorrhage, thrombosis, and vasoconstrictor influences, the vessel should 
not be ligated in continuity but should be ligated well above and below 
the point of injury with excision of the damaged segment between these 
ligatures. A thrombosed segment should similarly be excised. Reflex 
vasospasm which not uncommonly accompanies these injuries should be 
considered. Concussion or localized segmental spasm of the artery may 
occur in cases in which the injury has involved tissues remote from the 
vessel, as well as in those in which the traumatizing agent passes near a 
vessel. In cases manifesting this phenomenon the limb appears cold, 
pale, and pulseless, although evidence of hematoma or laceration of the 
vessel may be lacking. Such cases respond well to débridement of the 
surrounding traumatized tissue, or to novocain block of the regional 
sympathetics. Vasodilation should be induced in all peripheral vascular 
injuries by sympathetic block, which may be repeated daily for several 
days if necessary. Extending the period of viability of ischemic tissues 
by refrigeration and consequent reduction of local metabolism is a re- 
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cent advance which, although deserving consideration, has not been de- 
veloped to the point where it is practicable for forward echelons. 


Bone and joint involvement in wounds of the extremities may be con- 
sidered the most important of all these complications because of the pro- 
tracted hospitalization and disabilities which they produce, especially if 
early treatment has been inadequate. The difficulties in the ideal man- 
agement of these cases are greatly increased under war conditions. More- 
over, the highly destructive shattering fractures, with great loss of bone 
substances that are commonly observed in such eases, emphasize further 
the problems encountered in their treatment. For these reasons efforts 
have been directed toward prompt and proper management along prin- 
ciples which under war conditions have been found to give the most 
satisfactory end results. The essential problem in the management of 
wounds of the extremities in the forward echelons is concerned prin- 
cipally with the most expedient and comfortable method of immobiliza- 
tion during evacuation. It must provide adequate fixation for ambu- 
lance or jeep transport over rough roads and at the same time assurance 
that the circulation of the extremity will not be jeopardized or that 
additional injury of the soft part will not be incurred. These desiderata 
are best met for fractures of the femur about the knee and both bones 
of the leg above the ankle by use of the Army half-ring splints with the 
litter bar, ankle strap, and five triangular bandages. Traction is effected 
by the ankle strap or hitch about the ankle with the shoe on and by 
skin traction with the shoe off. This method has been found the most 
satisfactory for evacuating patients with these fractures from the first 
and second echelons to the evacuation hospital or even to the general 
hospital. Skeletal fixation and skeletal traction in patients who are to 
be transported have resulted in much discomfort and in bone infection 
in the pin wounds. These procedures have no place in the management 
of these eases in the forward echelons. Following adequate débridement 
in the evacuation hospital, fractures of the shaft of the femur or tibia 
and fractures involving the hip or knee joints are evacuated to the gen- 
eral hospitals in the Army half-ring splint with skin or skeletal traction 
or in a padded plaster spica. In this connection the so-called Tobruk 
splint has received favorable comment and is applied as follows: by 
means of traction, preferably skin traction, the extremity is pulled down, 
a plaster splint is molded to the posterior aspect of the thigh and leg, 
a half-ring splint is applied, to which the traction is made fast, and the 
extremity and splint are wrapped by several turns of plaster. Padded 
posterior and lateral wire ladder splints are considered best for evacuat- 
ing fractures of the ankle and foot. In transporting patients with frae- 
tures of the humerus from the more forward echelons to the evacuation 
hospital, the Thomas arm hinged splint with skin traction or the immo- 
bilization of the arm to the side of the chest with a sling or Velpeau 
bandage incorporating a padded external splint has been found satis- 
factory. For evacuation to a general hospital the best method consists 
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of use of a U-shaped molded plaster splint extending from the axilla 
around the elbow and up the outer surface of the arm and shoulder to 
the neck, supported by bandages and a sling. For fractures of the elbow 
and upper one-third of the forearm, immobilization is best effeeted by 
the use of a posterior wire ladder or molded plaster splint extending be- 
yond the wrist and supported by a sling. Coaptation splints for fore- 
arm and hand should be used. 

In the management of compound fractures in these forward echelons, 
adequate débridement is imperative and the principles described pre- 
viously are followed. Whereas internal metallic fixation is at times a 
valuable procedure in the definitive treatment of simple fractures, its 
application in the emergency surgical treatment in these echelons is fol- 
lowed by frequent complications and failures. For these reasons the 
more conservative principles of careful débridement, leaving the wound 
open, covered with loosely placed fine mesh vaseline gauze, and followed 
by cast or splinting with skin traction are advocated. The importance 
ot properly padding and completely bivalving all casts of the extremi- 
ties prior to evacuation is emphasized. 

Penetrating wounds of the joints are also treated by adequate débride- 
ment, removal of all loose bone fragments, irrigation of the joint cavity, 
and closure of the synovial membrane. The soft tissue wound down to 
the sutured synovial membrane is left open and covered with loosely 
placed gauze. Immobilization is obtained as previously described. 

Because of the highly destructive and shattering injuries, particularly 
from land mines, that are incurred in this war, cases requiring amputa- 
tion have been relatively frequent. In the performance of this proce- 
dure under war conditions there has been an unfortunate lack of famil- 
iarity with the principles involved. The most common errors of judg- 
ment have been concerned with unnecessary sacrifice of tissue and with 
closure of the stump resulting in osteomyelitis, gas gangrene, or other 
serious infections, or a stump that is too short. All emergency amputa- 
tions in these echelons should be performed at the lowest level possible 
which permits removal of all devitalized and contaminated tissue regard- 
less of stump length. Revision of the stump in accordance with pros- 
thetic considerations may be subsequently performed. The open (guil- 
lotine) circular method, with severance of successive layers at the level 
of retraction of the preceding layers, resulting in an inverted cone rather 
than a square end stump, is the procedure of choice. The wound must 
be left open, using a vaseline dressing. Skin traction to the stump is 
always immediately applied following the amputation and continued 
until healing occurs. The flap-type open amputation may be done only 
in cases in which early evacuation is not contemplated and subsequent 
closure at the same installation is deemed possible, such as in a general 
hospital. 

Although burns have comprised less than 2 per cent of the war 
wounds, because of the grave consequences they must be regarded as 
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constituting a serious form of injury. Recognizing the significance of 
burns and the controversial forms of treatment, the Army has concen- 
trated its efforts on the prevention and treatment of this type of injury 
and has developed a therapeutic program which is giving increasingly 
better results. The principles upon which this treatment is based con- 
sist essentially of prevention and control of shock by the adequate use 
of plasma, relief of pain with morphine, prevention and control of infec- 
tion by aseptie precautions and administration of sulfadiazine, and pre- 
vention of contractures and excessive scarring by proper splinting and 
early skin grafting. In the local treatment of the burned area, tannic 
acid and other escharoties are no longer used. Burns are now treated 
locally by the application of sterile petrolatum gauze and a firm pres- 
sure dressing. This method of therapy is designed to provide the great- 
est amount of comfort to the patient, to exclude infection in the local 
area, to protect the injured skin and allow as rapid recovery as possible, 
and to prevent swelling and loss of fluids locally. Increasing experience 
with this method of treatment shows that more lives are being saved and 
better results are being obtained than by any other method previously 
used. 


In this description of the program of medical care and evacuation of 
the wounded in the forward echelons, the patient has been brought from 
the very front line of battle where he received the primary phase of 
treatment to a hospital a few miles to the rear where he received the 
more definitive or emergency surgical treatment. From the time of in- 
jury until his admission to the evacuation hospital, which is staffed and 
equipped to perform the respective forms of emergency surgical proce- 
dures that have been briefly presented, less than ten hours have elapsed. 
Thus, it becomes apparent that this plan for the care of the injured in 
the combat zone, which couples speed of evacuation with advancement 
of hospital facilities, permits not only application of lifesaving surgical 
measures, but also reduction of the serious complications and morbid 
consequences that would otherwise occur. It should be realized, how- 
ever, that this general plan of forward medical service is not fixed but 
possesses sufficient flexibility to meet the demands of military strategy 
and varied problems of changing terrain. Under certain conditions 
clearing stations may be required to function as evacuation hospitals and 
collecting stations as clearing stations. These adaptations can be readily 
made by the use of mobile surgical units and the highly trained auxiliary 
surgical groups which are composed of specialized surgical teams includ- 
ing neurosurgery, maxillofacial and plastic surgery, orthopedic surgery, 
chest surgery, and general surgery. In jungle warfare in which trans- 
portation facilities are limited to human carriers, this purpose has been 
met by the use of portable surgical hospitals. In amphibious operations, 
hospital ships whose primary function is transportation of the wounded 
may be converted to perform this function. Thus, by these variable 
adaptations it has been possible to advance hospital facilities and to pro- 
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vide the prompt and highly trained surgical care of the wounded in the 
forward echelons under varied combat operations and adverse geographic 
conditions. 

After the wounded have received the appropriate emergency surgical 
treatment indicated here, in the evacuation hospital, which is the last 
echelon in the combat zone, they are evacuated to the general hospitals. 
This is done as soon as the patient’s condition makes him transportable 
and usually within a week after admission and treatment. Transporta- 
tion is accomplished by the most readily available means. In some 
instances it is done by ambulance, converted jeeps or trucks, or by hos- 
pital trains. In others, hospital ships, which have proved extremely 
useful with their multipurpose adaptabilities, especially in amphibious 
and insular operations, are employed for this procedure. In still others, 
air-transports are used and have played an important role in the rapid 
evacuation of wounded from relatively inaccessible areas in which other 
transportation facilities are limited and travel is arduous. 

The general hospitals that receive these patients are located well be- 
hind the line of combat and under relatively more stable conditions. 
They are comparatively large installations of 1000 beds or more possess- 
ing all the equipment and facilities for the institution of the best and 
most highly specialized surgical care. Many of these hospitals are com- 
prised of affiliated units completely staffed from the ranks of medical 
school faculties and representing the most talented and experienced men 
of the profession. The extraordinary liberality and the cheerful con- 
tribution of the medical schools of this country in re-establishing these 
general hospitals deserve the highest commendation. The function of 
these general hospitals in the care of the wounded may be considered 
twofold; to apply further and more definitive surgical treatment which 
would permit the patient to return to duty within a period of a few 
months or, if the soldier’s injury precludes his return to duty or will re- 
quire prolonged hospitalization, to prepare the patient for evacuation 
to this country. Definitive surgery performed at these hospitals included 
all specialties and their high level of professional performance is demon- 
strated by the steadily increasing numbers of wounded that are being 
returned to duty. Many of these patients are sent from general hospitals 
to convalescent centers where they are reconditioned for combat duty. 
Patients whose injuries make them unfit for further military service 
and all those who will require further definitive treatment and more than 
four to six months’ hospitalization are evacuated by hospital ships and 
transports to the general hospitals here at home as soon as they can be 
made transportable. 

The wounded évacués arrive at ports of debarkation and are received 
at near-by general hospitals where an assessment of their general con- 
dition and type of injury is made and necessary supportive measures ap- 
plied. The patients are then classified according to the character of the 
injury and sent in hospital trains to general hospitals in the interior. 
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The Army Medical Department now has forty-eight of these general hos- 
pitals in operation and provisions for eleven more. They are all com- 
pletely equipped with the most modern facilities and staffed by highly 
competent physicians, representing all the specialized fields of medicine 
and surgery. In addition, a number of these hospitals have been desig- 
nated as specialized centers for the treatment of patients with certain 
conditions in which a high degree of specialization is necessary. Thus, 
at the present there are five centers for chest surgery, five for plastic 
and ophthalmologic surgery, five for amputations, sixteen for neuro- 
surgery, two for vascular surgery, and two each for the rehabilitation 
of the blind and the deaf. These highly specialized centers are strate- 
gically located and in so far as possible, patients are sent to the appro- 
priate hospital nearest their home. This program of the final phases 
of definitive surgical care of the wounded is directed toward the physical 
rehabilitation as well as the psychologic reconditioning of war casualties 
so that the maximum number may be salvaged and permitted to resume 
a useful place in industry and society. 
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THE PLASTIC REPAIR OF SCAR CONTRACTURES 
W. GREELEY, M.D., F.A.C.S., Cuicago, 


(From the Department of Surgery, Division of Plastic and Reconstructive Surgery, 
the University of Illinois College of Medicine, The Illinois Research and 
Educational Hospitals, and St. Luke’s Hospital, Chicago) 


CONTRACTURE may be defined as a pathologie shortening that 

results from pull of a scar which is secondary to a cutaneous loss. 
By far the greater majority of contractures result from skin defects 
that follow improperly managed third degree burns. Likewise, if 
cutaneous loss after a large avulsion is not covered early with a skin 
graft, the scar resulting from the closure of the wound by secondary 
intention may contract in the same manner as that following third 
degree burns. Improperly sutured lacerated wounds may produce 
similar complications. The harmful sears which create these conditions 
are found chiefly around kinetic areas such as the eyelids, mouth, neck, 
axillae, and the extremities. 


PREVENTION 


The prevention of scar contractures as with any other disease, of 
course, is most desirable. The early covering of cutaneous defects fol- 
lowing third degree burns with a properly selected type of skin graft 
is the ideal procedure. Moreover, replacement or skin grafting of avul- 
sions should always be carried out as soon as the patient’s condition will 
permit. Lacerated wounds should be closed with care and thought. 
Linear lacerations on flexor surfaces such as the fingers may tend to 
develop contractures after healing occurs due to the straight line scar. 
This often can be obviated by the construction of one or more Z flaps 
(Figs. 1 and 2) at the time of primary closure, thus producing a 
staggered instead of a straight sear. It is futile to attempt to prevent 
scar contractures by traction or splinting in either the early or late 
stages unless provision is made to eliminate the offending scar. Tem- 
porary improvement might be obtained but owing to the fact that all 
sear tissue tends to contract, the extended parts will promptly revert to 
their original malposition as soon as the traction or splinting is removed. 


TREATMENT OF HEALED SCAR CONTRACTURES 


The treatment of healed contractures first involves the excision of all 
contracting scar tissue following which the remaining parts are returned 
to their normal anatomic position. The cutaneous defect that results 
from this maneuver is always much larger than the size of the scar 
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excised. One never ceases to be amazed at the size of the real dimension 
of the actual defect after it has been properly prepared by removal of 
all contracting sear tissue. 

Once the cicatrix has been excised, the contracted part is extended 
and hemostasis controlled. The surgeon is then confronted with the 
problem of covering the resulting cutaneous loss. The actual method of 
closure for any such defect is based upon fundamental principles plus 
some imagination and ingenuity on the part of the operator in dealing 
with the particular problem at hand. 


~ PLASTIC 


Shaded areas After Sutured 
undermined rotation of flaps in reverse position 


MULTIPLE -Z-PLASTIES 


Fig. 1. 


There has been considerable effort expended on the part of some 
plastic surgeons during recent years to close defects of this type by 
simpler and less cumbersome methods. Complicated pedicle flaps of skin 
have been supplanted to a large extent by some kind of free graft or 
by the use of Z plasties and interpolated flaps whenever such procedures 
can be utilized. 


In selecting the proper type of skin graft to use one must keep in 
mind the comfort and safety of his patient, the economic problem in- 
volved, and the final functional and cosmetic result desired. Since the 
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use of pinch and Thiersch grafts give rise to much subsequent scarring, 
the contracture may recur. Free full-thickness skin grafts may be the 
most difficult to grow, but will give the best functional results, especially 


Fig. 2 (Case 9).—Drawing A shows scar contractures involving middle, ring, and 
little fingers. B demonstrates actual skin loss after excision of scars and extension 
of fingers. It is our practice in such defects to extend the incision laterally on each 
side producing a diamond-shaped defect. This staggers the subsequent suture line 
between normal skin and the graft, thereby eliminating potential recurrence of the 
contracture along newly created suture lines. In this case, C shows the ring and 
little fingers covered with free full thickness grafts, while D demonstrates how it was 
possible to close the smaller defect in the middle finger with a triple Z plasty. 


when dealing with smaller structures such as fingers. For large defects 
resulting from the removal of extensive contractures of the neck, elbow, 
axillae, and popliteal space, we have been successful in the majority of 
our cases following the utilization of single massive thick split-thickness 
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skin grafts. These are cut in single pieces large enough to cover the 
defect. Being cut in these large sizes there has been a minimum amount 
of postoperative contraction or fibrosis. Furthermore, the donor sites 
heal spontaneously, the certainty of take is maximum, and the economical 
aspect of the patient considerably simplified. 

The use of tube pedicle flaps in our experience has been reserved 
chiefly for those conditions needing a skin covering to which is attached a 
subeutaneous fat pad and for those in which such a flap could not be 
rotated to cover a defect from an area immediately adjacent. 

We have been much impressed by the wider range of use of Z-plastic 
procedures as more recently popularized by Ferris Smith and Davis and 
Kitlowski. Many defects that have fairly mobile lateral skin flaps can be 
closed by this method (Fig. 1). Not only is an excellent covering avail- 
able, but the area may be closed in one relatively simple procedure. By 
utilizing a certain amount of imagination the final scar ean be so stag- 
gered that no contracture will result following complete organization 
of the suture line. 


COMPLICATIONS 


Wishful hoping will never correct a sear contracture. If these eon- 
ditions are permitted to go untreated in growing children, the unvielding 
cicatrix will cause the formation of many underlying bony maldevelop- 
ments that may never be corrected. In addition, the functional disturb- 
ance will be accentuated, and also the cosmetic deformity will likewise 
be aggravated. These conditions may contribute much to the future 
psychologic and economic failure of the patient. 


Owing to the constant pull in some cases frequently the contracting 
sear may break down and become the site of a chronic ulcer. Not only 
is this open wound a constant source of annoyance to the patient but it 
is a fertile field in which secondary malignant changes may develop 
(Fig. 14). 
ILLUSTRATIVE CASES 


Case 1.—An 18-year-old girl was admitted two years after a third degree burn 
was sustained when she fell against a stove. The sear which developed not only 
produced a marked facial disfigurement but ectropion of the lower eyelid as well 
(Fig. 3). The sear was excised completely and the resulting defect covered with a 
single free full-thickness skin graft taken from the hairless inner aspect of her upper 
arm. <A small degree of ectropion persisted after this operation. Six months later, 
after the first graft had softened, another small Wolfe graft taken from the upper 
eyelid was inserted and the remaining downward pull relieved. The missing middle 
third of the eyebrow was replaced by a hair-bearing free full-thickness graft from 
the sealp. 


CASE 2.—This man received a flaplike laceration of skin a little over one inch 
square involving his right eyebrow and the area immediately above. He was taken 


AK 
| 
. 
| 


228 SURGERY 


to a physician who cleansed the wound and sutured it in place following which a 
loose dressing was applied. Within twenty-four hours the flap became gangrenous 
and when referred to us was further complicated by considerable infection, At this 
stage it Was necessary to remove the necrotic tissue and permit the wound to fill in 
by secondary intention. Had the original surgeon applied pressure to the avulsed 
flap and treated it like a piece of grafted skin, it would have undoubtedly grown in 
toto. 

As a result of the large skin loss, an ectropion of the upper lid resulted from the 
pull of the forehead scar (Fig. 4). It was necessary to remove the scar and replace 
the defect with a free full-thickness skin graft. We next plan to construct a new 
eyebrow by utilizing a free hair-bearing graft from the scalp. 


Fig. 3.—Case 1. 

CASE 5.—The late results of an extensive third degree burn are well illustrated 
in this patient. She was first seen by us nearly two years after her injury. There 
is an extensive contracture of the neck and both axillae (Fig. 5). 

Since the neck contracture was causing the patient the most discomfort, we first 
excised the contracting scar and covered the resulting defect with one large single 
thick split-skin graft. 

At a later date, one axillary contracture was excised and replaced with a single 
thick split-skin graft. Two weeks later as soon as this was healed the opposite side 
was managed in a similar manner, 
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Case 4.—As a small child this young lady suffered a third degree burn of her 
neck, A burn contracture resulted and was first operated upon elsewhere. The sur- 
geon apparently excised the scar and covered the defect with Thiersch grafts. As 
might be expected, much fibrosis developed and when we first saw her, a great deal 
of deformity still remained (Fig. 6). 

Upon examination it was noted that most of the subcutaneous fat had been 
destroyed. In fact, the larynx was uncomfortably embedded in the sear. In view 
of these findings, we elected to cover the anterior portion of the neck with a pedicle 
flap containing a good subcutaneous fat pad. This was done by turning a tube 
pedicle graft forward from the upper portion of the back. While a good functional 
result has been obtained, we must admit that it is not cosmetically ideal. 


Fig. 4.—Case 2. 


CASE 5.—A five-year-old child had a linear sear contracture of the neck that was 
pulling down the corner of the mandible and mouth (Fig. 7). We excised this scar, 
constructed two large Z flaps, and reversed the line of pull with a very good result. 
This was accomplished in one operation with but five days’ hospitalization. 


| 
| 
A, B 


230 SURGERY 


Case 6.—This 16-year-old girl had a broad sear on her neck that resulted from 
a third degree burn in childhood. It did not produce as much contraction as it did 
cosmetic deformity (Fig. 8). We managed this by the method of multiple excision. 
In two larger operations, four months apart, the bulk of the sear was excised and the 
wound closed by suture after wide undermining. At a third minor operation we 
revised the suture line. There is now but one small linear scar on the side of the 


neck that is cosmetically quite inconspicuous. 


Fig. 54.—Case 3, preoperative views of patient. 


CasE 7.—The 5-year-old girl presented here had an extensive axillary contracture 
following a third degree burn at the age of two (Fig. 9). In one operation, we re- 
moved the contracting scar, abducted the shoulder, and covered the resulting cu- 
taneous defect with one single thick split-skin graft. 


CasE 8.—The patient illustrated here (Fig. 10) presents a slightly different 
variety of axillary contracture than demonstrated in the foregoing cases. It will 
be noted that there is a broad web of skin that stretches across the anterior axillary 
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fold. This made available two large flaps of skin so that the contracture could be 
relieved by a Z plasty. At the same operation the elbow contracture was excised and 
a single large thick split-skin graft applied. All of these procedures necessitated 
only nine days’ hospitalization. (This is a recent case.) 


Fig. 10B.—Case 8. 


Case 9.—A 4-year-old girl suffered third degree burns of the middle, ring, and 
little fingers three years before treatment. Two years previously the contracting 
scars were excised elsewhere, following which the wounds were simply sutured length- 
wise. As soon as the scars healed, they promptly contracted back to their original 
deformity (Fig. 2), in spite of prolonged postoperative splinting in extension. 


We re-excised the scars and replaced the defects of the ring and small fingers 
with free full-thickness skin grafts so that the maximum degree of elasticity of the 
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covering might be anticipated. The defect of the middle finger was not as broad, 
thus permitting closure by the construction of a triple Z plasty. 


CasE 10.—This 12-year-old girl has bilateral sear contractures of the index and 
middle fingers which followed a rope burn three years before. One surgeon had 
already excised the scars and sutured the wounds before she was first admitted to 
our service. The contractures which recurred (Fig. 11) demonstrate the futility of 
this procedure. We re-excised the contracting sears and replaced the defects with 
free full-thickness skin grafts taken from the anterior abdominal wall. The second 
hand was corrected after the first was well healed so as to make the patient’s post- 
operative situation less awkward. 


Fig. 14.—Case 13. 


CasE 11.—This 20-year-old girl suffered third degree burns from a steam press 
that involved the entire dorsum of her left hand and extended down over the ex- 
tensor surfaces of the four fingers as deep second degree burns. Her surgeon dressed 
the open wounds with burn ointments until all the defects were covered with scar 
epithelium. While the covering of the extensor surfaces of the fingers was somewhat 
stiff, moderate elasticity developed from regeneration of the deeper derma. In 


contrast, however, the scar on the dorsum of the hand continued to contract until 
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an extension contracture developed within six months after the original injury 


(Fig. 12). 

We corrected this deformity by first excising the contracting scar over the dorsum 
of the hand and extending distally over the bases of the extensor surfaces of the 
fingers. The cutaneous defect that followed was covered with one single thick split- 
skin graft. At a later date the interdigital webs were split and deepened by 


Z plastic procedures, 


CASE 12.—Here we have a 26-year-old man who developed a contracting sear 


following a third degree burn during childhood that completely encircled his leg 
just below the knee (Fig. 13). The sear would frequently break down and ulcerate. 


The contraction not only caused limitation of his knee joint but also considerable 


swelling of the leg below. 


We completely relieved the condition by excising the sear thoroughly and per- 
mitting the adjacent soft parts to retract back to their normal positions, One 
single thick split-skin graft was then applied so as to completely encircle the leg. 


CASE 13.—Much has been said regarding the late malignant complications that 
develop in untreated burn ulcers but few cases are actually seen reported in’ the 


literature. 
Here (Fig. 14) we have a 70-year-old man who had suffered an extensive third 


degree burn of his thigh and groin fifty years previously. After one year the area 
had filled in with a thick fibrotic scar that would break down frequently and ulcerate. 
Three years before admission to our service a tumor developed in the area of ulcera- 


tion which, when we first saw it, was gangrenous, infected, and very foul smelling. 


We first excised the lesion widely, using the diathermy cutting current. After 
clean granulations had developed in three weeks, we covered the defect with two 
large thick split-skin grafts. We probably erred in not excising the inguinal and 
femoral lymph glands at the first operation since eighteen months later he had a small 
local recurrence in the groin. We reoperated, excising all glands, and after more 


granulations had formed, the defect was covered with another smaller thick split- 
skin graft. The leg remains healed at this time, two years after the first operation. 


Sections showed the tumor to be an epidermoid carcinoma. 


Note: The chronic recurring uleer in Case 12 is the logical fore- 
runner of a later malignant degeneration. 


CONCLUSIUNS 


1. Sear contractures can be relieved by first excising all shortened 
fibrotic tissue, following which the parts are extended into normal ana- 
tomic position. The resulting cutaneous defects are then closed by the 
use of a Z-plastic procedure or the utilization of a properly selected type 


of skin eratt. 


2. Sear contractures may be prevented by the early skin covering 


of granulating detects resulting from burns or avulsions of skin. Care- 


ful planning in the suture of lacerations may likewise avoid the develop- 
ment of contractures if the line is closed in a staggered axis. 


3. All contractures in growing children should be corrected before 
permanent underlying bony maldevelopments occur. Moreover, chronic 
| ulcerations occurring in certain contractures should be repaired 
promptly for fear of secondary malignant changes. 
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KPITHELIZATION AS AFFECTED BY NICKEL PECTINATE 
AND OTHER AGENTS 


JosePH E. Hamiuron, M.D., F.A.C.S., Ky. 
(From the Department of Surgery, University of Louisville School of Medicine and 
the Lowisville General Hospital) 
INTRODUCTION 


HE evolution of the pectin and nickel pectinate treatment for dysen- 

tery and infant diarrhea is described by Bloek and _ associates.’ 
Haynes and co-workers? and Arnold* discovered that pectin alone actu- 
ally stimulated bacterial growth, but that the pectinates of certain met- 
als, nickel included, was slowly bactericidal. Myers and Rouse* pointed 
out that ionized nickel is toxic to bacteria and in addition that the 
catalyst, nickel, may stimulate the body’s antitoxin and agglutinin pro- 
duction. Other qualities of nickel pectinate doubtless contribute to its 
effectiveness as a vulnerary. The huge pectin molecule may, theoret- 
ically at least, envelope and starve bacteria.° Pectin is a hygroscopic 
colloid, able to absorb many times its weight,® thus stimulating the 
‘‘osmotie drainage’’ effect and reversal of lymph flow claimed by Smith‘ 
and others for glycerin. Lastly, upon hydrolysis, pectin liberates galae- 
turonie acid, an isomer of glycuronic acid that the liver synthesizes as a 
chemical detoxifying agent.* 

Thomson,® in 1938, reported favorable results in the use of aqueous 
solutions of pectin in treating burn granulations, chronic osteomyelitis, 
and infected wounds in general. 

Since latter 1938, we have treated a variety of wounds with a prepara- 
tion of nickel pectinate* containing 3 per cent pectin and 0.045 per cent 
nickel, either in aqueous solution or in tragacanth jelly. Merthiolate, 
1:5000, was added to inhibit growth of fungi. In the great majority of 
cases the tragacanth vehicle was used since the thick jelly required but 
one application a day, an important factor in this understaffed hospital. 
After the toilette of the wound, the jelly was applied to a depth of 3 to 
5 mm., with a sterile throat stick. From here, technique varied. Over 
some wounds, especially if drainage were profuse, the outer dressing con- 
sisted merely of several layers of sterile gauze and an outer pad of 
cellucotton held in place by adhesive or bandage. In other eases, a layer 
of perforated cellophane was interposed between the agent and the outer 
dressings in order to retain moisture. In a few extensive burns with 
pin-point grafts in place, a generous buttering of the nickel pectinate 

Received for publication, Aug. 30, 1943. 


*This has been supplied to us by Eli Lilly and Company under the name of 
“Nipectin.” 
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was left without any outer dressings. Especial care was taken in re- 
moval of dressings, as the pectin jelly was prone to become tightly ad- 
herent to the wound surface. In such eases, removal was usually ac- 
complished by soaking or by pouring on hydrogen peroxide. 

During the past 4 years, 65 wounds in 61 patients have been treated 
with nickel pectinate. As a control in this same period, comparable 
wounds or comparable portions of the larger wounds were dressed with 
cod liver oil or eod liver oil ointment. In rare instances the control 
agent was Dakin’s solution, Foille,* sulfonamide ointment, or searlet 
red. Also, similar bilateral wounds were likewise treated in 6 rabbits. 
I followed and supervised the course in all these cases. 


CLINICAL APPLICATIONS 


The Use of Nickel Pectinate in Sluggish Wounds That Have Re- 
sponded Poorly or not at all to Other Agents—Seven stubborn eases 
are presented in brief. In 4 cases (Patients 1, 2, 6, and 7 below), pectin 
seemed definitely superior to the alternate agents; in 2 cases (Patients 
3 and 5), it seemed about equally effective; and in one case (Patient 4 
with the ventral hernia with superficial erosions), all agents, pectin in- 
cluded, failed to close the erosions. 


1. Patient N,. M.—Lesion: Infected Thiersch graft donor site of left thigh. 
The lower left leg was completely decorticated down to the muscles as a result of 
extensive incisions for gas gangrene some time before. For 106 days the shallow 
ulcerations on the thigh were unsuccessfully treated with saline packs, Dakin’s packs, 
gentian violet, ammoniated mercury ointment, and ultraviolet irradiations. There 
were still two granulating areas 2 by 3 cm. and several pustules 0.5 em. in diameter. 
Culture: Staphylococcus aureus. Healing occurred after 60 days of nickel pectin 
dressings. 


2. PATIENT J. K.—Lesion: Fire burn of neck and upper chest resolving into two 
granulating wounds each about 2144 em. in diameter, one over each sternoclavicular 
articulation. Culture: Staph. aureus. By the fortieth day, progress on foille dress- 
ings was at a standstill and nickel pectinate jelly was started. At this time the 
lesions were approximately 24% by 2 cm. and 1% by % em. in area, respectively. 
Fealing was complete in 20 days. 


3. PATIENT R. H.—Lesion: Granulating scalp avulsion wound. After pin-point 
grafting and 65 days of cod liver oil dressings, several nonepithelized areas re- 
mained, the largest 2 by 2 em. Culture: Bacillus pyocyaneus. Nickel pectinate 
dressings were started and at first healing was rapid. Final healing, however, re- 
quired 55 days. 


4. Patient L. W.—Lesion: Shallow erosions, 1 to 2 em. in diameter on the con- 
vexity of a huge ventral hernia. After 155 days of treatment with elastoplast, cod 
liver oil, and other remedies, there was no sign of healing. Culture: Staph. aureus. 
However, although definitely smaller, there was ne healing after 40 days of nickel 
pectin therapy. 


5. PATIENT B. A.—Lesion: Granulating pinch-grafted burn of left axilla 6.5 
by 2.5 cm. in area. The lesion was slowly enlarging after 55 days of cod liver oil 


*“Foille’ is a proprietory water-in-oil emulsion for the treatment of burns. 
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dressings. Culture: Streptococcus hemolyticus and Staph. aureus. There was prog: 
ress on nickel pectinate regime to almost complete healing in 30 days. 
then a period of regression and final healing required 54 more days. 

6. PATIENT N. 8.—Lesion: Granulating burns of backs of both thighs that had 
been pinch-grafted 140 days previously. For 134 days Dakin’s packs and gentian 


violet had been applied, but there still remained several pustules and a granulating 


There was 


patch 5 by 4 cm. in area. Culture: Staph. aureus. Healing occurred after 35 days 
of pectin therapy. 

7. PATIENT F. L.—Lesion: 
tion operation for basal-cell epithelioma. 
before. After 111 days of vaseline gauze and gentian violet treatment, the granu- 
lating areas were not reduced in size. Healing was complete after 21 days of 


nickel pectinate dressings. 


Granulating areas in right orbit following eviscera- 
Pinch grafts had been applied 135 days 


The Use of Nickel Pectinate on Superficial Granulating Wounds.— 
The majority of these were granulating postburn wounds, but also in- 
cluded were denuded areas following radical mastectomy, excision of 
tumors, extensive incision and drainages, ete. Treatment was instituted 
shortly after the placing of pin-point grafts, and continued until final 
healing. Occasional cases that could not be reasonably kept on the ward 
until healing were followed for the final days in the outpatient depart- 
ment. 

There were 40 of these wounds suitable for a comparison in rate of 
epithelization between nickel pectinate and control agents. Cod liver 
oil or cod liver oil ointment served as a control in all but 5 cases. In 
these 5 eases, foille was used three times and a 5 per cent sulfonamide 
ointment was used twice. 

Eighieen of the larger wounds that were nearly uniform through- 
out were divided for treatment into two nearly identical halves, one half 
being dressed with nickel pectinate, the other with the control agent. 
These cases were outlined in Table I. As shown in Table II, the aver- 


TABLE I] 


COMPARATIVE HEALING TIMES OF NICKEL PECTINATE TREATED AND CONTROL TREATED 


WouNDS 
LARGE WOUNDS 
TREATED IN COM- WOUNDS TREATED 
WITH ONE AGENT COMBINED 
PECTINATE AND 
AGENT USED WITH CONTROL 
AVERAGE AVERAGE 
DAYS DAYS 
NU) NUMBE YUMBE 
NUMBER — NUMBER UNTIL NUMBER UNTIL 
HEALED I 
HEALED 
Pectin 17” 35.7 15 24.2 32 30.3 
Control (C.L.O. in all i 43.8 7 26.7 24 38.8 
but 5 cases) 


*Case G. T. (See Table I) was not included here since his unduly prolonged heal- 


ing time of 120 days should not fairly be included with the remaining 17 cases. 
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age healing time for the nipectin-treated half of the wounds was 35.7 
days, for the control-treated, 43.8 days, or 22 per cent longer. In 
Table II is also compared the healing times of the other 22 miscellaneous 
superficial wounds, 15 dressed with nickel pectin, the remaining 7 with 
a control agent, usually cod liver oil. 


Fig. 1.—A, Patient L. S. at start, 8 days after pinch grafting. Upper half, above 
arrows, dressed with nickel pectinate jelly. Lower half, apparently identical, dressed 
with foille. B, Same patient 24 days later. Pectinate area practically healed. Note 
sharp transition between experimental and control areas produced by epithelization 
of pectin side. 

Almost as striking as the reduction of epithelization time in these 
cases was the contrast in appearance between the two sides of the wound. 
The granulations on the nipectin side almost invariably remained 
smooth, flat, and rather pale, whereas on the control side they were 
rosy, hypertrophied, and bled easily. In ease G.T. (see Table I and 
Fig. 3) when the nipectin side was nearly completely epithelized, there 
were granulations on the cod liver oil ointment side 9 mm. high! The 
healed pectin-dressed wound differs little from one that has received 
some other type of treatment. If anything, the skin in the former is 
smoother and more stable. 

The Use of Nickel Pectinate in Deeper Wounds.—Noting the remark- 
able tendency of nickel pectinate in depressing granulation tissue over- 
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growth, we tested its effect in 5 comparatively deep infected wounds. 
Four of these were infected laparotomy wounds, the fifth an infected 
wound following a bilateral inguinal dissection for carcinoma of the 
penis. In 3 of these wounds (see Figs. 4, 5, and 6) the same control 
system already described was employed, namely dressing one half with 
nickel pectin jelly, the other half with cod liver oil or ointment. In 
from 7 to 10 days a remarkable difference was apparent between the 
nickel pectinate and the control side. The peetin granulations were 
pale, low, and smooth, those on the control side were rosy, exuberant, 
and much higher than on the experimental side. Biopsies taken from 


Fig. 3.—Patient G. T., 22 days after start of experiment. Patient’s left side 
treated with nickel pectinate jelly and now nearly healed. His right side dressed 
with cod liver oil ointment still shows hypertrophic granulations. Unfortunately, no 
initial photograph was taken. However, at the beginning, 6 days after pinch graft- 
ing, the two sides, with the exception of the infraclavicular regions, were nearly 
identical. 
the contrasting areas of these wounds (Fig. 7) showed young, edematous, 
vascular granulation tissue on the cod liver oil side and condensed, 
older looking granulation tissue on the peetinate side. Final healing 
was recorded in only 2 wounds. In one (Fig. 4) both the nipectin and 
the cod liver oil-dressed halves were healed on the thirty-first day. In 
the other (Fig. 5) healing occurred on the pectin side in 71 days, on 
the cod liver oil side in 63 days. It is not surprising that healing in 
these excavated wounds was, if anything, slightly delayed by nickel 
pectinate therapy, since as already demonstrated, pectin retards granu- 
loplasia. 
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The Use of Nickel Pectinate on **‘ Dermatome’’ Splint-Thickness Donor 
Sites—It appeared logical that if nickel pectinate dressings achieved 
their remarkable epithelizing effect chiefly by ‘‘holding back’’ granula- 
tion tissue overgrowth so antagonistic to skin healing, one portion of a 
split-thickness donor site, taken by a Pagett dermatome and dressed 
with nickel pectinate, should heal no more rapidly than another area 
of identical depth dressed with some control agent, since the base in both 
areas is made up of a residuum of corium that restrains granulation 
tissue overgrowth. 


Fig. 4.—Patient W. B., Lesion, an infected, partly eviscerated, upper abdominal 
transverse incision, 18 days after start of bilateral dressings. Adherent anterior 
stomach wall formed one-half of the wound floor on the right, about one-quarter of 
the floor on the left. Nickel pectinate dressings on the right, cod liver oil on the 
left. Note that already granulations are luxuriant on the cod liver oil side and 
barely beginning on the pectinate side. 


This experiment was carried out six times in 4 patients. Nickel pec- 
tinate dressings and cod liver oil or sulfonamide ointment dressings be- 
ing applied side by side on the same area denuded about three-quarter 
thickness by the dermatome. As had been expected, healing was no 
faster on the experimental than on the control areas. In fact, the aver- 
age healing time for the pectin areas was 18 days and for the control 
areas only 16.2 days. There was a striking difference in appearance be- 
tween the two areas. The healed surface on the nickel pectinate treated 
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side was pale and absolutely smooth. The control-dressed surface was 
of a ruddy appearance and finely pebbled by virtue of tiny little gran- 
ulations starting to push up through the corium but epithelized before 
they attained any size. 


Fig. 5.—A, Patient O. A., lesion, infected appendectomy wound at the start. Nickel 
pectinate dressings applied to medial half of wound, cod liver oil dressings to the 
right. B, Same lesion 14 days later. Note the flattened white granulations on the 
pectinate side, the exuberant granulations on the control side. 


Cannon and Cope® compared the rate of healing of different areas 
of dermatome donor sites when dressed with different agents. How- 
ever, the residuum of corium at the base of all such denudations re- 
strains granulation tissue overgrowth and furnishes a myriad of foci 
for epithelial cell regeneration. A true test of epithelization can only 
be made on granulating surfaces devoid of any dermal remnants (see 
Discussion) . 
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Bacteriology.—Nearly all of the wounds in this investigation were cul- 
tured one or more times. Since all had reached the granulating 
‘surgically clean”? phase before the start of the present study, little at- 
tention was paid to their flora, since experience has shown that by the 


time a wound enters the granulating stage it is usually adapated to its 


A. 


B. 


Fig. 6.—A, Patient G. M., lesicn, infected bilateral inguinal dissection wound for 
carcinoma of penis, at start of experiment. To patient’s left, nickel pectinate jelly 
dressings; on the right side, cod liver oil ointment. B, Same patient 14 days later. 
On the pectin side the granulations are flat and whitened, on the cod liver oil side, 
they are high, turgid and rosy. 
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Fig. 7.—DPhotomicrographs of granulating base of wound (Patient G. M., see Fig. 6) 
A.—From nickel pectinate-dressed side. 


Fig. 7.—B.—From cod liver oil-dressed side. The cod liver oil side (B) shows 
very young fibroblasts, widely separated by marked intercellular edema. There are 
numerous blood vessels and rather dense infiltration of polymorphonuclear and 
plasma cells. On the pectinate side (A) the fibroblasts are more closely placed, their 
—— smaller and in places pyknotic. There is less vascularity and less leucocytic 
infiltration. 


A. 
B. 
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own organisms and that its rate of healing is not necessarily increased 
by reducing its bacterial count, unless virulent organisms are present. 
By far the commonest organism found was the Staph. aureus. The 
Strep. hemolyticus was fairly frequent while B. pyocyaneus and B. 
proteus were occasionally present. The average healing time for wounds 
culturing Staph. aureus alone (with or without lesser organisms such 
as B. pyocyaneus and B. proteus) was almost exactly that for wounds 
eulturing both Staph. aureus and Strep. hemolyticus—-37.2 days for the 
former and 37.1 days for the latter. On two occasions, however (patients 
D. B. and W. D., Table I), wounds that were practically healed went 
into a retrogression, their new epithelium melted away, and they be- 
eame shaggy and purulent. Their culture, previously Staph. aureaus, 
now also revealed Strep. hemolyticus. In these two eases the intereur- 
rent hemolytic streptococcus was doubtless virulent and_ responsible 
for the retrogression. 

The nickel pectinate was definitely more bacteriostatic than its con- 
trol, cod liver oil ointment. Exudate was usually less. On five ocea- 
sions, after a wound had been dressed for from 7 to 9 days on one half 
with nickel pectinate and on the other with eod liver oil, colony counts 
were taken from both areas. Without exception the count on the econ- 
trol side was from two to ten times that of the experimental side. 


RABBIT EXPERIMENTS 


Nearly identical wounds were produced in 6 rabbits, one on either 
side of the spine, extending down to the paraspinal fascia and in one 
case through the fascia into the musele.* The skin borders (except in 
one ease where circular incisions were made) were tacked to the under- 
lying fascia. In each rabbit the wound on the right was dressed with 
cod liver oil ointment, that on the left with nickel pectinate jelly. The 
wounds were treated at least once daily, sometimes oftener. The gauze 
outer dressings were held in place fairly well by means of threads passed 
back and forth through skin clips that had been applied around the 
wounds in the normal skin. 

Cultures taken after the sixth day showed a pure culture of Staph. 
aureus in all wounds. Four of the 6 cod liver oil-dressed wounds showed 
well-developed granulation tissue formation beginning about the seventh 
or eighth day. However, this never became an overgrowth such as fre- 
quently retards epithelization in human wounds. In the pectinate- 
dressed wounds there was never more than slight evidence of granula- 
tion tissue activity. Owing, doubtless, to the extreme looseness of the 
rabbit’s hide, healing in all eases was chiefly due to contraction or 
cicatrization of the wound borders and involved only a slight amount 
of new epithelization. It is interesting that without exception healing 
came first on the cod liver oil side, occurring 15, 14, 18, 5, and 3 days 
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sooner, their average healing time being 32 days. <A possible explana- 
tion for this relatively rapid healing of the control wounds is that since 
contraction of granulation tissue is one of the chief mechanisms of 
wound cicatrization, and since cod liver oil stimulates granulation tissue 
formation, cicatrization should therefore be accelerated in wounds 
dressed with this vitamin ointment. Nor is there in rabbits the tendency 
to granulation tissue overgrowth, the control of which in human beings 
gives pectin-dressed wounds the advantage during the stage of epitheliza- 
tion. 
DISCUSSION 


Wound healing, as pointed out by Alexis Carrel,” is not a simple and 
uniform closure of a defect by cell multiplication; it is a balanced co- 
operation between repair by granulation tissue and epithelization, each 
process governed by its distinct stimuli. Where the area of the wound 
is large in relation to its depth, the balance in healing is apt to be tipped 
in favor of granuloplasia, with the resulting familiar picture of ‘‘ proud 
flesh’? mushrooming out over the skin borders or burying in its depths 
pin-point grafts. From the foregoing, then it appears that nickel pec- 
tinate, by inhibiting granulation tissue overgrowth, restores a normal 
balance and allows epithelization to proceed at approximately its normal 
rate. Conversely, nickel pectinate will exert little if any effect upon the 
healing of a wound in which there is no exuberance of granulations. 

The findings in this study are diametrically opposed to those of 
Tompkins,'! Norton,'’? and their co-workers. These authors, the former 
on a basis of clinical experimentation, the latter from experiments on 
wounds in rats, both conclude that pectin and nickel pectinate promote 
wound healing up to the stage of epithelization, but actually retard the 
final proliferation and closing over of the skin. Possibly the pectin, the 
pereentage of nickel, or the strength of merthiolate we have used may 
explain the difference in our results. Tompkins and associates used 
plain pectin 2 per cent, with merthiolate 1:200,000. Norton and co- 
workers used pectin 5 per cent, nickel 6.032 per cent, no mention of 
merthiolate. Our preparation contains pectin 3 per cent, nickel 0.045 
per cent, merthiolate 1:5,000, and in most cases tragacanth 10 per cent. 
It is significant that Thomson’s’ first clinical trial of pectin revealed re- 
markable epithelization of an extensive granulating burn which other 
agents and several skin grafts had failed to heal. 

Violle and Saint-Rat'® and others have claimed that pectin is a hemo- 
static and hastens the clotting of blood. This is denied by Norton and 
colleagues'* on a basis of in vitro experiments. I have observed that 
pectin does have an indirect hemostatic action in that it renders gran- 
ulation tissue more dense, compact, and less vascular. Granulations 
dressed with other bland agents are turgid, rosy, and bleed easily, in 
contrast to the pale, flat, nonbleeding pectin granulations. 
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SUMMARY 


1. The present study covers a period of four years during which 
time 65 wounds in 61 patients were dressed with nickel pectinate and 
as controls, 34 comparable wounds in 31 patients were treated with 
various bland agents, chiefly cod liver oi! or ointment. In addition, 
controlled wound healing experiments were carried out in 6 rabbits. 

2. An apparently satisfactory control method was employed in 22 
cases, in which larger wounds, nearly uniform throughout, were di- 
vided into two comparable areas, the one dressed with the experimental 
agent, the other with the control. 

3. Contrary to prevailing opinion, we have found that nickel pectinate 
does not promote wound healing, but instead depresses granulation tis- 
sue proliferation. 

4. By virtue of its property of keeping down proud flesh,’ mickel 
pectinate indirectly exerts a definite acceleration of epithelization (22 
per cent reduction in healing time over such control agents as cod liver 
oil or foille). Hence, it is contraindicated in the early stages of wound 
healing, but is an ideal dressing where epithelization is sought. 

». Nickel peetinate is mildly antiseptic. Compared to cod liver oil 
ointment, it causes greater reduction in wound exudation and a marked 
reduction of the colony count. 

6. Nickel pectinate is hemostatic to a certain point in that it condenses 
and renders less vascular granulation tissue with whieh it comes in 
contact. 
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PLASMA CLOT SUTURE OF NERVES-—-ILLUSTRATED 
TECHNIQUE 
I. M. Tartov, M.D., BrookLyn, N. Y. 


(From the Neurosurgical Service and the Department of Laboratories, the Jewish 
Tlospital of Brooklyn) 


HE conventional method for uniting severed nerves has been by 
the use of thread stitches, preferably silk. Although an attempt 
is made to confine the stitches to the epineurium, nerve fibers are at 
times ineluded with resultant strangulation of tissue and subsequent 
fibrosis. urther interference with successful regeneration may result 
from the knuckling of the nerve fibers when the threads are tied. The 
need for an improved technique is particularly apparent when dealing 
with small nerves where the silk sutures may strangulate a considerable 
proportion of the nerve fibers with great likelihood of unfavorable fune- 
tional results. Young and Medawar' have attempted to avoid these 
difficulties by the use of cockerel plasma clotted with chick embryo 
extract. The inconveniences involved in the preparation of these ma- 
terials and, more particularly, the inflammatory and fibrotic reactions 
resulting in animals of other species led to the introduction of the tech- 
nique of autologous plasma clot suture of nerves.” Less obstruction to re- 
generating nerve fibers occurs with autologous than with heterologous 
plasma clot. The development of a suitable mold® in which nerves can be 
sutured with plasma clot has made possible accurate alignment and 
stronger union of the nerve ends. The technique of suturing peripheral 
nerves and nerve grafts by means of plasma clot has been deseribed in 
previous publications.* * It was pointed out that when nerve ends cannot 
be united without tension, then plasma clot suture alone is undesirable 
since the junction may subsequently separate. Following a suggestion 
by Lt. Col. R. Glen Spurling, tantalum wire* (0.0025 or 0.003 ineh in 
diameter) has been employed as tension sutures to approximate the 
nerve ends while accurate apposition is achieved by means of the plasma 
clot. The tension sutures are placed well back from the primary suture 
line and serve to protect it from strain. Single strands of untwisted 00 
Corticelli black silk (or white silk) may be used as tension sutures. <Al- 
though the silk is easier to tie than is the tantalum, it is not as strong 
and there is more risk of the silk breaking when the strain at the suture 
site is great. Moreover, the tissue reaction is greater with silk than 
The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and the Jewish Hospital of Brooklyn. Also aided by a grant from the 
American Medical Association. 


Received for publication, June 29, 1943. 
*The tantalum wire was kindly supplied by the Fansteel Metallurgical Corporation. 
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Fig. 1.—The nerve is held securely while the razor blade, mounted on a needle 
holder and introduced through the slot of the nerve holder, is in position for cutting 
the nerve. By this means one is enabled to obtain flat, cut surfaces of the nerve 
stumps which make possible better coaptation when joined with plasma clot. The 
use of layers of air-foam rubber within the jaws of the nerveholder enables one 
to hold the nerve firmly without traumatizing it. 
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Fig. 2.—A nerveholder of the type shown in Fig. 1 is used for excising thin 
slices of nerve in order to obtain flat, cut surfaces or a normal pattern of nerve 
bundles when a neuroma exists. It differs from the nerveholder illustrated in 
Fig. 1 in that the upper and lower opposing jaws on one side of the slot are re- 
placed by toothed jaws which hold the free end of the nerve securely while it is 
being trimmed. The nerve is shown in the groove of the air-foam cushions. The 
upper insert shows the free end of the nerve in the process of being excised, the 
razor blade having been introduced in the vertical slot which is shown in the front 
view of the instrument (lower insert), 
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Fig. 3.—The two tantalum wire tension sutures lave been introduced at a dis- 
tance of approximately 1 cm, from the cut ends of the nerve, The insert shows 
the manner in which the wires are applied. For the sake of convenience one end 
of the wire, threaded on a small curved ophthalmic needle, is bent sharply before 
it is introduced and it is then pulled through the nerve to the point of its angu- 
lation. (A). The tension sutures are carried somewhat deeper than the epineurium 
since in vitro tests of the tensile strength of nerves joined with tension sutures 
(tantalum wire or silk) have shown that the values obtained are almost twice as 
great when the stitches include a small amount of nerve substance rather than when 
they penetrate only as deep as the epineurium. The wire is then twisted so that 
one obtains a fairly straight pair (B) rather than two wires which tend to separate 
and assume a curved form due to the springiness of the metal. The length of the 
twisted pair of wires is made somewhat greater than the distance between the 
points of insertion of the tension sutures through the nerve when their ends are 
approximated. The wires are grasped by fine forceps and pulled backward; the 
length of the twisted pair of wires is thus shortened until the nerve ends may be 
approximated without strain. When this point has been reached, the long end of 
the wire is bent with a forceps as shown in D. The sharp bend prevents sliding 
of the nerve on the wire with ensuing separation of the nerve ends along their 
longitudinal axis. The very short twists which have been formed by pulling the 
wires backward (shown in C) act as a block to prevent excessive tightening of the 
wire when the ends are tied. The wires are tied in the form of a square knot (D) 
which is preferable to twisting the wires since the resulting sutures are thus rendered 
stronger. Both slipping of the wires and excessive tightening of them must be 
avoided since, should this occur, either a gap between the nerve ends would result 
or the stumps would be pressed against each other with knuckling of nerve fibers. 
Unless close apposition of the nerve ends is obtained, organization of the plasma 
clot insinuated between them would lead to the formation of connective tissue 
which interferes with the proper downgrowth of nerve fibers. On the other hand, 
if the nerve stumps are compressed as a result of excessive shortening of the wires, 
there results disruption of the proper longitudinal organization of the nerve fibers 
at the suture site. The manner of introducing and tying the tantalum wire ten- 
sion sutures is given in detail since their correct adjustment is a most important 
step in the technique of tantalum wire-plasma clot suture of peripheral nerves. 
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Fig. 3. (For legend see opposite page.) 
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Fig. 4.—The nerve ends are adjusted on the wire rails so that accurate coapta- 
tion is obtained. The tension wires are shown. The clips have been applied to the 
fins of the mold as close as possible to the air-foam collar to prevent leakage of 
plasma from around the nerve. The insert shows the clip as it appears at the end 
of the clip holder. The mold is then filled with plasma, approximately 20 drops 
from a Wintrobe pipette. Originally a period of approximately twenty-five min- 
utes was allowed before removal of the mold since this is the time required for the 
clot to achieve its maximum stability. However the clot becomes quite firm in 
about ten minutes and it is quite safe to remove the mold at the end of this period 
of time. The unmodified plasma (plasma to which no anticoagulant is added) is 
allowed to clot spontaneously since it has been found that the addition of most 
anticoagulants and coagulants to the plasma weakens the clots prepared from it. 
Recently, however, we have found that heparinized plasma coagulated by means 
of protamine sulphate yields clots which are as strong as those prepared from un- 
modified plasma. Heparinized plasma is prepared by adding 0.05 c¢.c. of liquaemin 
to 10 ec. of blood and then 0.9 ¢.c. of the heparinized plasma is clotted by the 
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Fig. 5.—The handle of the wire rail is grasped by a forceps and is being with- 
drawn preparatory to removal of the mold. One clip has been removed. The upper 
insert shows the sutured nerve after both of the wire rails and clips have been re- 
moved and the mold carefully peeled away from the clot. 


addition of 0.1 ¢.c. of a solution containing 0.125 mg. of protamine sulfate per 100 
c.c. of distilled water. The heparinized plasma and the protamine are premixed 
immediately before being introduced into the latex mold for nerve suture. The use 
of heparin-protamine plasma offers a practical advantage in that the inconveniences 
involved in the preparation of unmodified plasma (collecting the blood in paraffin- 
lined test tubes packed in ice and centrifuging it in 250 c.c. metal cups filled with 
ice in order to prevent clotting) may be obviated. (Liquaemin by Hoffmann- 
La Roche, Ine.) 
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Fig. 6.—The mold is grasped by forceps and removed while the sutured nerve is 
protected by a spoon. The inserts show the nerve sutured by the combined tanta- 
lum wire-plasma clot technique. The tantalum wire is shown through the clot 
(left insert). Usually the opacity of the clot obscures the tension wires which are 
incorporated in it (right insert). 
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Fig. 7.—Photographs showing 4, gross, and B and C, microscopic appearance 
of the sciatic nerve of a dog sutured by the tantalum wire-plasma clot tech- 
nique. Note the tantalum wire tension sutures in the nerve (4) removed fifty-four 
days after suture. Photomicrographs show practically no inflammatory or fibrotic 


reaction at the junction thirteen days after suture. Sections stained with hema- 
toxylin and eosin (B x 30; C x 140). 
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with tantalum. It is the purpose of this communication to illustrate, 
mainly by means of photographs which have not been retouched, the 
technique of tantalum wire-plasma clot suture of peripheral nerves. The 
use of this combined technique eliminates the likelihood of separation of 
the sutured nerve ends. The photographs were taken at an operation 
upon the sciatic nerve of a dog. 

Autologous plasma clot suture of peripheral nerves was done in five 
human patients.* In two of these cases sufficient time has elapsed for 
some evaluation of the results. In one case, functional recovery of the 
sternocleidomastoid muscle began two months after the spinal accessory 
nerve was sutured at a point approximately 4 em. before its entrance 
into the muscle; complete recovery of muscle function occurred five and 
one-half months after the operation. The nerve had been sutured by 
depressing the nerve ends into the neighboring tissues to form a trough 
in which the plasma could collect. The nerve ends were held together 
with jeweler’s foreeps until clotting occurred. A suitable mold was 
not available at the time when this operation was done, so that this 
cruder technique had to be employed. The nerve was sutured one hour 
after it had been severed at operation. In another patient the ulnar 
nerve at the level of the wrist was sutured by the combined tantalum 
wire-plasma clot technique. The nerve, which had been severed fifteen 
months previously, was freed for a considerable distance proximal and 
distal to the stumps and the combined technique had to be used sinee 
the nerve ends to be united were under considerable tensien. When 
last examined, eighteen week after operation, the patient had shown 
considerable return of sensation for pinprick, cotton-wool, and hot and 
cold objects over the hand and fingers down to and ineluding the prox- 
imal half of the distal phalanx of the fifth finger. Before operation 
the area of sensory loss involved the fifth finger, the ulnar half of the 
fourth finger, and the inner part of the palmar and dorsal aspeets of 
the hand as far as the wrist. Also during the interval between the 
tenth and eighteenth weeks postoperatively, there occurred improve- 
ment in the power of flexion of the fourth and fifth fingers and it has 
heeome possible to abduct and adduet the fingers to a slight extent. 


*The author is indebted to Dr. Leo M. Davidoff and Dr. Thomas Hoen for referring 
these patients to him. 


Fig. 8.—Photographs showing molds and instruments devised for plasma clot 
suture of nerves: nerveholder with grooved air-foam cushions, clips and clip holder, 
latex mold, and the spoon which is used for protection of sutured nerve during 
removal of mold. Below are shown end, side, top, and interior views of latex 
mold. The use of the wire supporting rails shown in the mold make it possible to 
obtain accurate apposition of the cut ends of the nerve and also to surround uni- 
formly the suture site with plasma clot. 

The molds are designed for nerves the size of the dog’s sciatic nerve, and have 
a capacity of approximately 20 drops of plasma. For larger or smaller nerves, 
molds of appropriate sizes are kept on hand. The openings in the air-foam collars 
of the molds are made round and oval to accommodate variations in shape of 
nerves. 


xe 


So Fig. 9.—Series of photographs from a motion picture film showing complete 
oe cycle of movements of hind limbs of a dog in which the left sciatic nerve was su- 
ot ie tured with autologous unmodified plasma and the right with silk (single strands of 
gis untwisted 00 Corticelli silk). Photographs were taken eighty-four days after opera- 
= tion, since which time complete recovery of motor power on the right as well as 
the left side occurred. Such a difference in the rate or degree of recovery of fune- 
tion which could be attributed to the different methods of suture has not been con- 

sistent in our animals, although the results tend to be better with autologous 

plasma clot suture. The superior gross and histologic results associated with plasma 

clot would lead one to anticipate correspondingly better functional return to the 
: | innerved part than with silk suture, Further correlative studies will be necessary 
“ to test this point. 
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The results of plasma clot suture of nerves are encouraging and 
justify further use of the method in eases involving human beings. 


The molds and instruments used for the suture of nerves with plasma clot were 
made by Mr. Cornelius Denslow and Mr. Saul Swarz. The sketch which illustrates 
the technique of applying the tantalum wire tension sutures was made by Dr. Joseph 
A. Epstein to whom the author is also indebted for operative assistance. The photo- 
graph shown in Fig. 4 was taken by Mr. W. Abbey and those shown in Fig. 9 are 
from a motion picture film taken by Mr. Lester Bergman. Other photographs are by 
Louis Armonath. 
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TENDON TRANSPLANTS WITH METAL NAILS 


Ross SUTHERLAND, M.D., Los ANGELES, CALIF., AND 
M. Joun Rowe, Jr., M.D., LonG Beacu, Catir, 
(From the Tichenor Orthopedic Clinic, Long Beach) 


ENDON transplantation, after its initial enthusiastic use, has in 

recent years been used less frequently in favor of more extensive 
arthrodesing operations in many instances. Among other reasons for 
the failure of tendons to work satisfactorily in their new positions are: 
(1) fibrosis and fixation in the sheath during the long period of im- 
mobilization necessary for bone attachment to become firm; (2) streten- 
ing of the healing area when sutured to soft tissue with resultant loss 
of efficiency and muscle tone; and (38) stretching at the point of bone 
insertion of a tendon weakened by long immobilization. 

In a tendon transplanted and fixed to an area so that exercise and 
funetion can be begun early during the healing process, the formation 
of intrathecal adhesions and the loss of muscle tonus is avoided. Thus, 
the full muscle action is transferred to the new tendon location as de- 
sired. Also in tendons acting across joints, joint fixation and disability 
from long immobilization can be prevented by early function. 

Such a surgical transplantation of a tendon can be done very simply 
by use of metal nail fixation of the transplant to firm bone and the early 
institution of function without external cast immobilization. When such 
procedure is done carefully with little trauma, much of the meticulous 
tendon sheath transplantation and special plastic pulley procedures may 
be neglected since the early institution of motion prevents adhesion 
formation. In the extremities a tourniquet is always used and a firm 
compression postoperative bandage has proved much superior to a east. 

This technique has been used successfully in lateral transposition of 
the anterior tibial tendon in talipes equinovarus (Fig. 1) from con- 
genital, spastic, and paralytic origins and in replacement of the tibial 
tubercle with attached patellar tendon after operations on the knee joint 
(Fig. 3). Reattachment of the medial epicondyle of the humerus (Fig. 
5) and the medial malleolus of the tibia (Fig. 2) has been satisfactory 
in recent traumatie injuries. Reattachment of the trochanter of the 
femur after approach to the hip joint and distal transposition of the 
trochanter to increase abductor efficiency are also practical (ig. 4). 

Nail fixation has been found excellent in reattachment of ruptures of 
the supraspinatus tendon at the shoulder, as well as tears of the long 
head of the biceps in this area (Tig. 6). 

Received for publication, June 21, 1948. 
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Fig: 1A. 


Fig. 1.—Lateral transportation of anterior tibial tendon with nail fixation; spastic 
equinovarus, no cast, 


Fig. 1B. Fig. 2. a 


Fig. 2.—Reduction of medial malleolus after fracture; early case, cast used. i 
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Fig. 6.—Attachment of avulsed 
external 


TN 


long biceps tendon origin to bicipital groove; no 
immobilization, early function, 
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Serews have not been as satisfactory as nails in this work. The nail 
is inserted at an acute angle to the line of tendon pull when possible. 
Thus, tension on the tendon serves only to seat the nail more firmly. 
The surgical procedure is very short and consequently the patient ’s con- 
valescence is rapid. 

CONCLUSION 


Nail fixation of transplanted tendons is rapid, simple, and effective. 
Karly function is obtained by use of compression bandage instead of east 
immobilization. Musele tonus is maintained and tendon fixation is pre- 
vented by early motion. 
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THE TREATMENT OF INTERTROCHANTERIC FRACTURES OF 
THE FEMUR 
WALTER G. Stuck, M.S., M.D., F.A.C.S., San ANTONIO, TEXAS 


RACTURES about the hip joint, because of their frequency and 

hazard to the lives of the aged patients in whom they oceur, have 
received extensive consideration in recent years. Moreover, the problem 
has been so well defined that the treatment is now specifically directed 
to the special types of fractures involved. In this process of clarification 
between fractures in the neck of the femur and fractures in the tro- 
chanteri¢ region, more attention has been directed to the neck fractures 
since they pose more difficult problems of care and treatment. As a 
result, the trochanteric fractures have not received such concentrated 
study because they were considered to be less common, easier to treat, 
and less likely to be followed by nonunion. Closer study of the problem, 
however, does not bear out this conventional casual view. 

In the first place, fractures in the region of the trochanters oceur in 
older patients and consequently are followed by a much higher death 
‘ate than fractures of the neck. Again, trochanterie fractures, sinee 
they are usually produced by more serious injuries, generally produce 
more pain and shock than neck fractures. Trochanterie fractures also 
are more varied in type and may range from simple cracks through the 
intertrochanteri¢ region without displacement to severely comminuted 
fractures with gross deformity. 


INCIDENCE 


In Key’s observations at the St. Louis City Hospital, 56 per cent of 
all hip fractures were intertrochanteri¢ in type. Morris found at Tulane 
that there were four times as many intertrochanterice fractures as intra- 
‘apsular fractures. In a group of 136 fractures of the hip which I have 
seen during the past three years, 65 or 47.8 per cent were intertro- 
chanteric. Thus, we see that there are roughly as many fractures in the 
region of the trochanters as there are in the neck of the femur, so that 
the problem of their care is just as important. 

The comparative ages of patients in these two groups are shown in 


Table I. 


TABLE I 
FRACTURES OF THE FEMUR AVERAGE AGE (YR. ) 
Of the neck 66.4 
Trochanteric 70.1 
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As is well known, there is considerable difference between the sexes 
in the occurrence of these fractures. In 136 cases of all types of hip 
fractures which I have seen, occurrence was found, as shown in Table 
II. 


TABLE II 


MALES FEMALES 
FRACTURES OF THE FEMUR (PER CENT) (PER CENT) 
Of the neck 25.3 74.7 
Trochanteric 54 46 


In general, therefore, it can be said that more than half the cases of 
trochanteric fractures occur in men and nearly two-thirds of the cases 
of neck fractures occur in women. 

A similar characteristic variation is found in the hips involved, as 
shown in Table ITI. 


TABLE ILI 


LEFT HIP RIGHT HIP 
FRACTURES OF THE FEMUR (PER CENT) (PER CENT) 
Of the neck 62 38 


Trochanteric 47.8 52.2 


MORTALITY 


That intertrochanteric fractures result in high death rates has been 
commonly noted. Wilson, at the Massachusetts General Hospital, re- 
ported 24 per cent mortality in a group of 62 cases; Leyding, at the 
St. Louis City Hospital, found 39 per cent mortality; and Taylor, in 
Los Angeles General Hospital, found 30 per cent mortality. Of 65 
intertrochanterie fractures which I have followed, 15 patients died within 
two months of the accident (22.2 per cent mortality). These observa- 
tions lead to the obvious conclusion that intertrochanteric fractures are a 
most potent cause of death in the aged. 


CLASSIFICATION OF TROCHANTERIC FRACTURES 


Many years ago, Percivall Pott stressed the importance of determin- 
ing the type of hip fracture before instituting treatment because ‘‘ they 
so often lame the patient and disgrace the surgeon.’’ Sir Astley 
Cooper was the first to emphasize the difference between the intracap- 
sular (neck) fractures and the extracapsular (trochanteric) fractures 
in relation to their probability of union. 


The older writers divided trochanteri¢e fractures into (1) comminuted 

fractures at the base of the neck and (2) ‘‘mixed’’ fractures at the base 

of the neck. The ‘‘mixed’’ fractures were partly intracapsular (on the 
front surface of the neck) and extracapsular (on the posterior surface 
of the neck) because of the uneven attachment of the capsule. Pertro- 
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chanterie fractures were identified as those which passed through the 
base of the neck and shaft distal to the greater trochanter and proximal 
to the lesser trochanter. Subtrochanteric fractures were those which oe- 
curred in the shaft just distal to the lesser trochanter. 
Bohler’s description of the principal types of trochanterie fractures 
of the femur seems as nearly adequate as any: 
1. Fracture through the base of the neck outside the capsule with slight 
displacement. 
2. Fracture through the trochanters with outward rotation of the leg 
and wide separation of the fragments. 
3. Fracture with the base of the neck driven deeply into the spongy 
mass of the trochanters. 


4. Fracture line in the region of the trochanters, often with comminution. 


Fig. 1.—Simple type of fracture through the base of the neck of the femur with ne 
displacement. 

Of course as in all fractures, there are many diverse types of tro- 
chanteric fractures which may or may not conform to this broad classi- 
fication. Moreover, there are wide differences in the degree of com- 
minution or displacement of fragments which may have much to do 
with the choice of proper treatment (Figs. 1 to 5). 


: 
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Fig. 2.—Comminuted fracture through the intertrochanteric region with rotation de- 
formity of the leg and impaction of the base of the neck into the shaft of the femur. 


Fig. 3.—Comminuted fracture through the intertrochanteric region with marked up- 
ward displacement of the shaft of the femur. 
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TREATMENT OF TROCHANTERIC FRACTURES 


Unlike fractures of the neck, the treatment of trochanteric fractures 
is not complicated by the prospect of nonunion. There is a very liberal 
blood supply to the trochanteric region even in aged adults and each 
fragment is adequately supplied despite the presence of the fracture. 
I have never seen a nonunion of a trochanteric fracture and none has 
been described in case reports as far as I know. The main problem, 
therefore, is to secure union in normal position without coxa vara de- 
formity, shortening, or external rotation rather than concern about non- 
union. 


Fig. 4.—Comminuted fracture distal to the greater trochanter with angulation of the 
fragments. 

The following types of treatment have been used with varying de- 
erees of success: 

1. External splints 

2. Traction devices 

3. Internal fixation with nails, screws, bolts, ete. It is worth while to 
consider each plan of treatment with the advantages and disadvantages 
in order to decide the best type of care for these cases. 

1. External Splints —The first splint for fracture of the hip was de- 
scribed by Ambroise Paré, who treated ‘‘an honest matron’’ by placing 
wooden strips about her thigh and supporting them with a figure-of- 
eight bandage about the thigh and waist. 
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In 1871, Hodgen of St. Louis described his wire suspension splint 
which supported the extremity in a long sling, although it provided no 
immobilization of the body. This splint has been popular for many 
years and is still widely used. 

An oft-deseribed, but apparently seldom used, hip splint was the 
Thomas-Ridlon splint (1880). This cumbersome device consisted of a 
long broad strip of soft iron which passed up the back of the lee and 
thigh across the buttocks and up to the shoulders. It was bent to con- 
form to the body and was fastened to the patient with straps. 


Fig. 5.—Long spiral fracture in the intertrochanteric region with moderate displace- 
ment. 

Although Senn illustrated a plaster of Paris spica bandage, in 1889, 
with a lateral pressure screw over the trochanter, the greatest credit is 
due Royal Whitman who, in 1904, deseribed the abduction spica east. 
But Whitman's more significant contribution was the accompanying de- 
scription of the maneuvers for reducing hip fractures and the reeog- 
nition of the importance of abduction and internal rotation for locking 
them after reduction (Fig. 6). 

Wilkie attempted to achieve the same position by using casts on each 
leg which were joined by metal rods to maintain abduction and internal 
rotation. 

External splinting alone, of course, facilitates the healing of tro- 
chanteric fractures, but it is not adequate treatment for comminuted 
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fractures or those with great displacement. The Whitman cast is the 
only splint which attempts to secure the fragments in normal position, 
although its usefulness is limited to the simple fractures at the base of 
the neck. 

A great criticism of all external splints is that they confine the pa- 
tients to such a degree that change of position is rendered difficult. This 
encourages the formation of pressure uleers, muscular wasting, and 
residual joint stiffness which may delay general recovery. 

It is plain, therefore, that external splints find their principal role 
in the treatment of those patients who are too frail to permit the use 
of internal fixation. Yet, strangely enough, this so-called conservative 
treatment is attended by such a high death rate that it cannot be con- 
sidered as an ideal emergency treatment. 


position. 

2. Traction Devices.—The first effort to overcome the shortening of 
trochanteric fractures by the use of traction was made by Hildanus 
about 1600, when he advocated a strap about the knee which was at- 
tached to ropes and pulleys at the foot of the bed. 

In 1850, Gibson of Philadelphia devised a traction splint which utilized 
the principle of countertraction through the sound leg. Traction on 
the feet was secured by a tight cloth gaiter. 
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A great advance in the comfort of patients followed Gurdon Buck’s 
introduction, in 1861, of the familiar adhesive skin traction which was 
attached to cords and weights at the foet of the bed. 

Maxwell (1871) and Ruth (1891) combined longitudinal traction with 
lateral traction to overcome outward rotation of the leg and to produce 
more accurate reduction of the deformity. 


Fig. 7.—Intertrochanteric fracture with no displacement, securely anchored with two 
long vitallium screws. 

In 1921, Russell described his complex ‘* balanced traction’? which pro- 
vided force in two lines so that the knee and thigh each received proper 
support while longitudinal traction was maintained. 

A simpler and better known method of securing traction is the use 
of adhesive extension while the leg is suspended in a standard Thomas 
ring splint. 


In 1932, Roger Anderson improved the well-leg traction plan by the 
use of two leg casts fastened to an adjustable apparatus between the 
legs. Carl Jones utilized the same principle in a device which likewise 
produced traction on the fractured leg while providing countertraction 


through the sound leg. 
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While traction is desirable in most trochanteric fractures to over- 
come the tendency to shortening and angulation of the neck, it has the 
disadvantage of holding the patients in the supine position. This in 
turn increases the likelihood of bed sores and hypostatie pneumonia and, 
because pain often persists, sedatives are required which in themselves 
depress the patients. 

Well-leg traction in casts permits patients to be turned or to be placed 
in a wheel chair but, since the knees and ankles are held immobile for 
many weeks, there is much residual stiffness and weakness after the 
fracture has healed. 


Fig. 8.—Intertrochanteric fracture immobilized in normal position with two vitallium 
screws. 

3. Internal Firation.——The earliest successtul internal fixation of inter- 
trochanterie fractures was developed by Denegre Martin of New Orleans, 
who advocated the use of two long carpenter’s serews placed parallel 
across the fracture line into the neck and head of the femur. Brewster 
has reported extensive use of the method and has advised long vitallium 
screws which are less likely to irritate the tissues than the ordinary iron 
serews (Figs. 7 and 8). 

In 1915, Preston described a screw-plate which consisted of a long 
screw, to penetrate the head and neck, with a plate that was fastened 
to the shaft of the femur with screws (Fig. 9). 
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Austin Moore’s adjustable pins which were originally devised for 
fractures of the neck of the femur have been successfully adapted for 
those trochanteric fractures which are not comminuted. 


Fig. 10.—Fracture through the trochanteric region secured by vitallium Smith- 
Petersen nail. 

In the same way, the flanged Smith-Petersen nail has been advocated 
for intertrochanteric fractures as well as for intracapsular fractures of 
the neck (Figs. 10 and 11). Thatcher has modified it with a serew 
which is passed through the head of the nail into the shaft of the femur. 

In 1937, Lawson Thornton conceived the idea of screwing an extension 
plate onto the end of the Smith-Petersen nail in order to provide more 
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support for fractures in the subtrochanteric region and to prevent the 
coxa vara angulation which often follows use of the nail alone (Fig. 12). 

Overton has suggested the use of a knurled nail head and a knurled 
intertrochanteric plate to prevent the tendency to loosening which has 
been reported in cases of plates screwed onto the end of the nails. In 
Overton’s series of 43 cases in which this plate has been used, there has 
been no case of varus deformity in the late stages of healing. 

McKibbin has utilized fixation pins in the upper end of the femur, 
which were incorporated in a plaster cast about the thigh in order to 
leave the hip and knee free. 


Fig. 11.—Pertrochanteric fracture immobilized by vitallium Smith-Petersen nail. 


Roger Anderson recommends fixation pins through the fracture and 
the shaft of the femur with external bars anchoring all the pins into 
one unit (Fig. 13). This is a further adaptation of the various Ander- 
son external splints for supporting fixation pins in fractures. In flabby 
obese patients, however, the soft tissues must be supported by a cast or 
pads to prevent irritation about the pins and loosening of them. 

The numerous appliances which have been developed specifically for 
fractures of the neck have also been suggested for use in trochanteric 
fractures. Leydig and Brookes have utilized the Henderson lag screw, 
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Lippman has adapted his corkscrew bolt, and Morrison has altered his 
lock bolt by the addition of a plate to anchor the head and neck to the 
shaft. 

Several authors have devised nail-and-plate units suited especially for 
trochanteric fractures. Neufeld proposed a V-shaped nail in the neck 
which merged with a flat plate fastened to the side of the shaft with 


Fig. 12.—Lawson Thornton’s plate which is fastened to a Smith-Petersen_nail by 
means of a screw, and to the shaft of the femur with screws or bands. (Courtesy 
of Lawson Thornton. ) 


screws. Austin Moore has recently introduced his blade plate which is ¢ 
simple curved piece which impales the head and neck and conforms to 
the side of the shaft of the femur. He has used it in 34 cases and has 
also made the plates in varying lengths to accommodate fractures with 
much comminution (Fig. 14). 

The Jewett nail is a single appliance made of a vitallium Smith- 
Petersen nail with an attached flat plate to fit the shaft of the femur 
(Figs. 15 and 16). 
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Compere has recently recommended the use of a metal plate which is 
fastened to the shaft of the femur with screws. Threaded pins are 
then passed through the plate to anchor it to the head and neck of the 
bone. 


Fig. 13.—Roger Anderson fixation pins and external bars to support fractures in the 
trochanteric region. (Courtesy of Anderson, McKibbin, and Burgess.?) 


Fig. 14.—Austin Moore’s single angle blade plate for intertrochanteric fractures. 


Modern anesthetics of much less shocking action and reaction-free in- 
travenous solutions have made surgical operations on elderly patients 
much less hazardous than in former years, Moreover, since patients with 
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trochanteric fractures can anticipate poor results with so-called con- 
servative treatment, it is advisable to consider internal fixation of these 
fractures whenever possible. 


A patient with properly applied internal fixation of the fracture 
experiences little pain and consequently requires few narcotics. The 


nursing care is simpler, positions can be changed easily and without 
discomfort, and long hospitalization is unnecessary. 


Fig. 15.—Jewett angle nail providing fixation of «a displaced fracture in normal posi- 
tion. 


Nails, screws, or bolts alone are satisfactory if the fracture is at the 
base of the neck with little displacement, and if there is an intact 
lateral cortex. A hazard in the use of such appliances, however, is the 
frequency of fracture lines into the greater trochanter, which weaken it 
as a support for the nail. As a consequence, nails may come loose and 
a coxa vara deformity result. Also, in the operation the lateral cortex 
sometimes splits and thus provides no adequate support for the nail. 

The more recently developed nails (Neufeld’s, Moore’s, and Jewett’s) 
have many superiorities over the others in that they pass across the 
fracture line and also are anchored to the shaft of the femur with 
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screws. Their insertion is more difficult and a longer incision is required, 
but these disadvantages are outweighed by the nearly perfect fixation 
which ean be secured. 

In any method of internal fixation of fractures of the hip, nothing is 
gained by early ambulation. Frequent change of position in bed and 
freedom of movement of the legs are sufficient exercise to prevent hypo- 
static pneumonia or pressure ulcers. The recent work of Urist demon- 
strates plainly that overstrain of a healing fractured hip may easily 
damage developing blood vessels and lead to late destructive changes in 
the femoral head. On the other hand, if a patient is kept in bed for 
at least eight weeks after the operation, there is far less danger of eir- 
culatory injury at the fracture site. 


Fig. 16.—Jewett angle nail supporting a comminuted pertrochanteric fracture in 
normal position. 


In the 65 cases of intertrochanteric fractures before mentioned, the 
treatment methods listed in Table TV were used. 


The most satisfactory functional results were obtained in those cases 
which were treated by internal fixation and the angle nails which were 
secured to the shaft of the femur were the most successful appliances 
used. There was very little postoperative pain, the patients moved 
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TABLE IV 


TREATMENT M ETILODS 


NO. OF CASES 


Traction in Thomas splint 16 
Jewett or Neufeld angle nail 15 
Smith-Petersen nail 10 
Two vitallium screws 9 
Whitman abduction cast 8 
Smith-Petersen nail with plate 7 

Total 65 


freely in bed, and coxa vara deformity developed in only one case in 
which the screws were improperly applied. This seems to be the method 
of choice in the patients who can safely undergo an anesthetic and an 
operation. 

SUMMARY 


1. Trochanterie fractures of the femur, while not as difficult to treat 
as neck fractures, present special problems which are just as worthy of 
attention. 

2. Trochanteric fractures of the femur occur in older patients than 
do femoral neck fractures; they are the result of greater injury; they 
are attended with greater pain; and they occur more often in the right 
hip in males. 

3. There is great diversity in the types of trochanteric fractures so 
that generalizations about symptoms, deformities, and treatment are 
seldom accurate. 

4. Treatment of trochanteric fractures follows several lines: use of 
external splints, traction devices, or internal fixation. The relative 
advantages and disadvantages of each method are discussed in relation 
to a modern plan of treating these fractures. 

5. Present-day internal fixation of trochanteric fractures offers pa- 
tients greater comfort, less disability, shorter hospitalization, and less 
likelihood of severe systemic complications from the enforced bed rest. 
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HEPATOMA IN INFANCY AND CHILDHOOD 
Discussion AND Report oF PATIENT TREATED BY OPERATION 


GEORGE B. Packarp, M.D., DENVER, CoLo., AND A. W. STEVENSON, M.D. 
BowLING GREEN, OHIO 


(From the Departments of Surgery of the Denver Children’s Hospital and the 
University of Colorado Medical School) 


hoagie of primary tumors of the liver in children have appeared 
in the literature, although infrequently. Most of these are autopsy 
reports. The surgical removal of liver tumors has also been recorded 
a number of times, although most of these removals have been in adults. 
When, during the course of an exploratory laparotomy in a 13-month- 
old baby, a huge tumor was found imbedded in the liver, the question 
immediately arose as to the feasibility of removal. The report of this 
case and the review of similar cases in the literature would seem to be of 
some value in future decisions. 


CASE REPORT 


C. E. L., male, aged 13 months (Children’s Hospital Ne. 41-8175), was admitted 
Dee, 24, 1941. The following history was obtained from the mother, The patient 
was the first and only child. He was said to be a ‘*blue baby’’ at birth with 
typical resuscitation. Birth was at full term, weight 7% pounds. He was jaundiced 
immediately post partum and remained so for two or three weeks. He was well 
after this until July 1, 1941, when he developed whooping cough. Prior to onset of 
the cough he weighed approximately 20 pounds. He started losing weight im- 
mediately. His skin became pasty and by August, 1941, he weighed about 14 
pounds. That same month the parents noticed a mass in the upper abdomen en the 
right side, about the size of an egg. The mass, except for some recessions, grew 
steadily. He was constipated after the onset of the whooping cough. No jaundice 
was noticed since three weeks after birth. A low-grade fever was suspected for 
months, 

On admission the baby was thin and sallow. He had a temperature of 100.4° F. 
Weight was 15 pounds. The anterior fontanel was open and all sutures were 
separated. The left eardrum was injected and bulging, the right showed evidence 
of spontaneous rupture. There was a nasal discharge. One tooth was present. Heart 
showed possibly a slight enlargement with a short loud systolic murmur. Lungs were 
entirely clear. The abdomen was soft and the liver edge was felt about 3 cm. below 
the costal margin. A rounded firm mass filled the right side of the abdomen and ex- 
tended to the flank and iliac crest. It could not be determined whether the liver 
edge overlapped this mass or merged with it. The mass moved with the liver. 

Blood showed 65 per cent hemoglobin; 3,620,000 red corpuscles with 4 nucleated 
cells per 100; 12,600 white blood cells with 62 per cent polynuclears; coagulation time 
was three minutes. Urine was not remarkable. 

A flat plate of the abdomen showed a mass on the right without definite outline 
of the right kidney (Fig. 1). Barium enema was negative except for a very low 
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hepatic flexure and pressure signs on the cecum with displacement to the left (Fig. 
2). After diodrast compound was given intravenously, no abnormality could be 
found in the left kidney although filling was not complete. While filling of the right 
kidney calyces and ureter was only partial, there was no definite evidence of ab- 
normality. 

A transfusion of 100 ¢.c. of blood was given December 51. On Jan. 2, 1942, 
exploratory laparotomy revealed a large rounded tumor protruding from, but deeply 
embedded in, the right lobe of the liver. It was of firm consistency and covered 
with large blood vessels. Search of the rest of the abdomen revealed no other 
tumor. The liver tumor was roughly encapsulated and could be peeled out of the 
liver, but with profuse bleeding which was controlled by deep encircling sutures 
and a rubber dam-covered gauze pack. <A transfusion of 50 ¢.c. of blood was added 
that day and another of 100 ¢.c. two days later. 


DENVER COLOR 
28 


Fig. 1.—Flat plate of abdomen before operation, showing shadow of tumor and dis- 
placement of intestine. 


Convalescence was satisfactory until seven days later, when a moist wound fol- 
lowed by protrusion of omentum occurred. From then on, for two weeks, the condi- 
tion of the child was not good, there were signs of sepsis, and it was not until 
February 15, that the child was dismissed from the hospital. He was then in good 
condition and gaining rapidly. 

Reports obtained from the parents from time to time showed normal growth and 
progress. In April, 1943, he visited the hospital at the request of the social service. 
He was well nourished and looked healthy, his weight was 30 pounds, his incisional 
sear was solid, and the liver could be felt well below the costal margin. X-ray no 
longer showed the low position of the hepatic flexure. (Fig. 3.) 
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Unfortunately, no photograph was taken of this child before operation. A 
photograph one week after operation and one in April, 1943, show his progress (Figs. 
4 and 5). 

Pathologic report by the Children’s Hospital pathologist, Dr. E. TI. Dobos, is as 
follows: 

Gross Description.—The tissue specimen consisted of a very large, completely en- 
eapsulated, globular shaped tumor mass measuring 914 em. in diameter. The weight 
was 452 Gm. The capsule was thin, but continued uninterrupted. On cross section, 
the tumor mass presented a somewhat heterogeneous appearance, There were several 
nodular masses on the cut surface and the entire tumor was composed of concen- 
trically arranged masses in several places containing a large amount of biliary pig- 


mentation. The color varied from light brownish red to light yellowish gray color. 


Fig. 2.—Barium enema before operation, showing downward displacement of hepatic 
flexure. 


Microscopic Examination of the tissue specimen showed a preponderance of uni- 
form cells resembling liver cells with fatty degeneration in their appearance. The 
nuclei were situated eccentrically, which was due to the deposition of fatty sub- 
stances in the cytoplasm. The nuclei showed slight degree of variation in size and 
architecture. In the same section, however, there were a few small areas which 
were composed of cells that are a great deal more compact, which contain no fatty 
granules in the cytoplasm, and the cells are a great deal more crowded. Neither in 
these areas nor the previously described areas, where the fatty cells existed, was there 
any evidence of trabeculation as one would expect in the liver parenchyma, The 
smaller more compact nodules exhibited some significant histologic changes, namely, 


the cells became a great deal more polymorphic; some extremely large cells were 
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seattered through these areas with distinetly atypical chromatin architecture and 
there were a large number of mitotic figures and every evidence of anaplasia on the 
part of these tumor cells, The blood vessel walls, however, are not infiltrated by the 
tumor cells and in the perivascular spaces in the adventitial layer, leukocytes, and 
round cells were found, 

Diagnosis.—Solitary hepatoma of the liver with distinct malignant changes (Figs. 
6, 7, and 8). 


A later examination of this specimen was made by Dr. W. C. Blaek of 
the department of pathology of the University of Colorado Medieal 
School. His microscopic description is similar but he does not consider 
the tumor a malignant one. His description follows: 


Fig. 3.—Flat plate of abdomen sixteen months after operation showing return of 
hepatic flexure of colon to normal position. 

Gross Description.—The specimen had been iixed in formaldehyde solution. — It 
was a spheroidal tumor measuring 8 by 10.5 by 7.5 em. It was fully enclosed by a 
fibrous capsule 0.1 to 0.2 cm. in thickness. The tumor had been almost completely 
bisected. The cut surfaces thus exposed were solid, pale gray, with a few linear 
green markings dividing the tumor into coarse lobules. The substance was friable, 
having about the same consistency as formalin fixed liver. 

Microscopic Description.—The capsule was composed of fibrous tissue, contained 
blood vessels and lymphatics and was continuous with septa which carried small 
epithelial lined ducts and divided the tumor into large irregularly formed lobules. 
The lobules consisted of cords of large polyhedral cells resembling liver cells, 
separated by compressed and almost empty sinusoidal capillaries. The tumor cells in 
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some areas had a clear faintly reticular cytoplasm, while in others the evtoplasm 
was granular, slightly eosinophilic. Empty intracytoplasmic vacuoles suggesting 
fatty metamorphosis appeared in many cells, Mitotie nuclear divisions were present 
but not numerous. Central veins and portal radicles were identifiable but did not 
bear a constant relationship to each other. The number of small ducts was larger 
than in the normal liver, and their arrangement was less uniform. The green streaks 
noted grossly represent some of these ducts which contain bile pigment, although none 
appeared in the tumor cells or in the larger bile ducts. 


Pathologic Diagnosis.—Liver cell adenoma (hepatoma). 


Fig. 4.—Photograph of patient four weeks after operation; general weight appearance 
about as before operation. 

Ewing" discusses primary epithelial tumors of the liver in some de- 
tail. He classifies them as (1) hepatoma, under which heading he puts 
(a) solitary adenoma or solitary hepatoma, (b) primary massive liver 
cell carcinoma, (¢) multiple liver cell carcinoma or hepatoma, and 
(d) carcinomatous cirrhosis or multiple adenoma, carcinoma, or hepato- 
ma; and (2) cholangioma or tumors of the bile ducts. The tumor here 
reported apparently comes under the head of (la) solitary adenoma or 
hepatoma. Many ot these, Ewing states, appear in early life, from 3 
months of age or later, and are therefore probably to be regarded as 
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of congenital origin. He adds that a congenital maladjustment of groups 
of liver cells predisposing them to tumor growth, although a rare factor 
in adults, is possibly of importance in infants with solitary tumors. 

Kwing’s description of a projecting and encapsulated tumor, gray 
to yellow, composed of cords in arrangement closely resembling liver 
structure, granular cells, and some fatty, the veins not invaded, cor- 
responds closely to the findings in this case. He considers that while 
the veins are not invaded, the benign character is due chiefly to the 
encapsulation and that transitional forms to adenocarcinoma occur in 
which there are invasion of veins and multiplication of tumors. He re- 
gards the process as essentially carcinomatous. 


Fig. 5.—Photograph of patient sixteen months after removal of hepatoma. 


Survey of the literature does not in many cases give a clear distinction 
between benign and malignant hepatoma. In 1918, (riffith® collected 
from the literature 57 cases of what he considered primary carcinoma 
of the liver in infants and children. In only one was removal attempted, 
and that unsuccessfully. Dansie,® in his report of a case in 1922 found 
23 eases of primary growth of the liver up to 214 years, most of these 
being in the first six months. No cures were noted. 
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Shaw,‘ in 1923, reported the successful removal of a 2 pound 3 ounce 
tumor from the liver of a boy 13 years of age. He considered his case a 
hepatoma and described his tumor as an encapsulated liver cell tumor 
with aberrant character of cells pointing to a certain, but not high, 
degree of malignancy. He felt that this case, like many others, repre- 
sented a stage of transformation of a simple adenoma to a definitely 
carcinomatous liver tumor. If such a ease is allowed to go on he be- 
lieves there will be secondary nodules in the liver itself and in time gross 
tumor thrombi in the portal vein and hepatic veins with metastases 
beyond. 


Fig. 6.—Gross appearance of tumor. 


Kilfoy and Terry,’ in 1929, commented on the rarity of primary 
liver cell tumor in early life and could find only 44 cases in patients 
between the ages of 1 day and 16 years sufficiently authenticated to in- 
clude in their report. Their own case showed a solid carcinoma 6 em. 
across consisting of groups of polygonal or spherical cells in a dense con- 
nective tissue framework without gland or duct formation, and sepa- 
rated in general from the liver by bands of connective tissue. There 
were retroperitoneal and lung metastases. 

Three cases in early life of primary liver tumor consisting of poly- 
hedral to spherical cells in general liver arrangement were reported 
by Pirie,® in 1932. All were considered primary carcinomas of the liver. 
One patient, aged 8 months, died without operation, another, aged 8 
months, died after exploration with biopsy, and a third, aged 11 years, 
who survived the removal of a pedunculated mass weighing 220 Gm. 
was living and well two years later. This tumor had obviously not ex- 
tended beyond its encapsulation. 
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Fig. 7.—Section of the hepatoma showing a fibrous septum and solid masses of tumor 


cells with clear cytoplasm (125). 


Fig. 8.—Section showing a septum and bile duet. Some of the adjoining tumor cells 


have granular cytoplasm (X125). 
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An infant of 11 months was seen by Kordenat.*. On exploration a 
large irremovable liver tumor was found and needled. The baby died 
the following day, apparently of hemorrhage. At autopsy a tumor of a 
liver cell type weighing 1,120 Gm. was found. Dueas and Albot® dis- 
cussed the symptoms and types of infantile liver tumors with their 
autopsy report of an infant who had multiple liver tumors and ascites. 
Surgical treatment was not considered as of importance. 

An infant of 6 months, reported by Hagaman,’ in 1934, died the day 
following the puncture of a liver tumor. Autopsy showed a tumor mass 
13 em. across, encapsulated with a narrow rim of parenchyma outside. 
This tumor was soft, greenish-gray and consisted of cells arranged in 
a liver architecture. There was a metastasis in the lunge of the same 
character. 

In 1938, Steiner’? gave a review of the literature of primary carcinoma 
of the liver in childhood and reported two eases of his own. Of the 105 
cases previously reported in patients under 16 years of age, he con- 
sidered that 75 presented definite evidence justifying the diagnosis. 
One of these cases (Noeggerath'!) was found at birth. He stated that 
the average duration of life after the onset of symptoms was four 
months, and found no recovery. Surgery was done in 4 cases, but 
none was successful. In this series reported, the distinction between 
the different grades of hepatoma is not made clear. 

In a description of an orange-sized liver tumor which came to autopsy 
after exploratory laparotomy, Wilens,'? in 1938, discussed, as have some 
others, the strong resemblance of the picture of hepatoma to that of 
adenoma of the cortex of the adrenal. 

Charache,'? while not discussing in particular the problem of liver 
tumor in infaney and childhood, has gone over a huge number of reports 
and has found 1,125 cases of primary liver carcinoma up to August, 
1937. He stated that the average duration of life after onset of pri- 
mary epithelial tumor is three months and that the treatment is ex- 
clusively surgical. His patient died two days after operation. 

The successful removal of a solitary adenoma of the liver in an in- 
fant 7 months of age was reported by Benson and Penberthy,'* in 1942. 
They considered the tumor a hamartoma. The mass contained imper- 
feetly formed liver lobules, biliary ducts, and blood vessel networks in 
purposeless arrangement. This case is included in hepatoma considera- 
tion as it may perhaps come under the heading of adenomas as described 
in other reports. 

Cases have been reported showing the difficulty of differential diag- 
nosis from Wilms’ tumor,'® showing spontaneous intraperitoneal hemor- 
rhage,’® showing Banti’s syndrome as the presenting symptom,'* 
and showing various types of extension and metastasis. 

Perusal of the articles on primary liver cell tumors leaves the reader 
confused on the question of malignaney. Bile duet tumors which rep- 
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resent a definite type of tumor as contrasted with the tumor of liver 
cells are not being considered. The use of the term carcinoma rather 
loosely to describe all hepatomas that have any aberrant cells, clouds 
the picture of prognosis and treatment. In the case here reperted the 
two pathologic reports were at variance as to malignaney. 

The consensus in the articles covered seems somewhat as follows. 
Adenoma of the liver may be single or multiple. It is defined as a seem- 
ingly benign neoplasm of the hepatic parenchyma arising chiefly from 
liver cord cells. This tumor has been named hepatoma, although the 
same expression has been used to include many other tumors, some 
frankly carcinomatous. There are many reasons to think they may be 
of congenital origin. Congenital hepatie inclusions or rests may repre- 
sent segments separated during fetal life from the main liver and sub- 
sequently become embedded in the liver (Rolleston’®). Ewing,’ as 
already stated, considers the congenital origin seriously. Adenomas 
have been found in nurslings?’ and primary carcinoma of the liver has 
been reported at birth.” 

A typical adenoma or so-called benign hepatoma is usually single but 
may be multiple, may be small or large, is vellowish brown or yellowish 
red, is soft or hard, encapsulated. It mimies the pattern of a liver 
nodule showing strands of polyhedral cells which, however, are not 
regularly arranged about a central vein as in a normal hepatie nodule. 
The cells are granular and acidophilic; they may be fatty. Mitotic 
figures are often seen. The whole makes up a network of capillaries and 
convoluted liver cells.2! In the typical form the veins are not invaded 
and the benign nature is due to the capsule. Growth is slow; there may 
develop areas of cystic degeneration, hemorrhage which may break into 
the general peritoneal cavity, or calcification. While these tumors may 
grow slowly for years, apparently the benign ones may become malig- 
nant and metastasize through the hepatic vessels. Transiticnal forms 
are distinguished by vein invasion, gradual progression beyond the 
capsule, and later multiple tumors or metastases. Patients who had 
removal of ‘‘benign’’ eneapsulated hepatomas have returned with 
metastases. A typical one is that reported by Glenn and Byrne.?? The 
malignant potentiality has been stressed by most writers.'° 2!: 2%: 24 2° 

Symptoms are not diagnostic unless the tumor is large enough for 
mechanical pressure. They usually consist of mild indigestion or dis- 
turbance caused by the size and weight of the tumor. Pressure on the 
stomach or kidneys more commonly directs attention to those organs. 
Liver function tests are not valuable because that organ will do full 
function in spite of pressure. While liver tumor is more common in 
older persons, enough early age cases have been reported to warrant, 
as Steiner’? says, a consideration of primary neoplasm in differentiation 
of enlargements of the liver in childhood. 
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Treatment is based on pressure symptoms and malignant possibilities. 
It may be that many small tumors remain so throughout life and are 
never found. Spreading and metastasizing tumors are very seldom re- 
movable. As all these hepatomas, no matter how benign appearing, are 
potentially malignant, they should be removed. preferably with a margin 
of liver tissue.2* The treatment is exelusively surgical. The risk of 
surgery naturally depends upon the size and extent of the tumor. 
Wallace,** for example, found 29 patients with resectable hepatoma, of 
which 23 survived operation. Eight of the 20 had a recurrence. Twelve 
are known to be alive and well, two to five vears after operation. 

The surgi¢al removal of liver tumor is often dismissed as not feasible, 
but an astonishingly large number of successful operations have been 
reported. No attempt will be made to cover them all, but some illus- 
trating the various techniques will be mentioned. As far back as 1899, 
Keen®® reported his third case of removal of a liver tumor. Two of 
the tumors, an adenoma and a carcinoma, were removed with the 
cautery, the larger vessels tied, and a gauze packing inserted, while the 
other, an angioma, was brought out extraperitoneally, constrieted by an 
elastic ligature, and allowed to slough away. To ge with his ease 


report, Cushing and Downs added for him a table of 75 cases of liver 
tumor removal found in the literature up to that date. These showed 
a mortality of 14.9 per cent, gave ages from 214 days to 77 years, and 


ineluded herniated lobe, syphiloma, careinoma, adenoma, sarcoma, an- 
gvioma, hydatid eyst, and others more rare. 

Yeomans,”* in 1915, reported the removal of a carcinoma of the liver 
by curettage without evidence of recurrence for seven years. Grey 
Turner,?® in 1923, reported the removal of a large tumor from the right 
lobe of the liver. Interlocking heavy catgut sutures on large fully 
curved intestinal needles were placed preceding the V-shaped resection. 
Some hepatic artery branches were also tied. The sides of the V could 
then be approximated by four through-and-througn catgut sutures. 
One area not quite closed was packed with rubber-protected gauze. This 
tumor was a true liver cell tumor, a hepatic adenoma with cells more 
aberrant than usually found. When seen twenty-two months later, the 
patient appeared well. 

Wright,?’ in 1923, reported the suecessful removal of a tumor the 
size of an orange with a small neighboring nodule from the liver of a 
man 60 years of age. The pathologic report showed primary carcinoma 
of the liver; there was an excellent capsule except at a few places. He 
advised the shelling out or bold eutting of the liver without the pre- 
liminary placing of interlocking sutures, the use of a hot pack, and then 
the picking up of individual vessels. He was unable to approximate the 
edges in this case and used a gauze pack. 

A malignant tumor of the gall bladder infiltrating the liver was re- 
ported by Frankan,”’ in 1923. He removed with scalpel the gall blad- 
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der, a wedge of liver 3 inehes wide at the base, 314 inches deep, and 


over 2 inches thick at the deepest part of the incision. As sutures did 
not stop the brisk hemorrhage, he brought up a large fold of great 
omentum in a double laver which he inserted into the liver incision. 
Sutures were then passed through the omentum and liver with good 
coaptation of the eut edges and gave complete hemostasis. That part 
of the omentum was then cut off. He has used omentum in other cases 
of torn or cut liver and found this hemostatic method most satisfactory. 
His patient when last seen, 15 months after operation, was doing well. 

Philip Turner*’ removed with the cautery an adenoma of the liver 
which had previously ruptured and was still bleeding, but his patient 
died one hour later. Kidd,*! at the same meeting, reported the wedge 
removal of an adenoma after first placing sutures with Cullen’s blunt 
needles. In the discussion of this case, Walton®! deseribed his method. 
An assistant should evert the liver and strongly grasp it on either side 
with his hands. With the hemorrhage thus under control, the tumor 
may be removed partly by excision, partly by enucleation. He then 
uses wide mattress sutures of large catgut through either side to grasp 
the liver tightly. When tied, the gaps in the approximation may be 
closed by additional sutures passed under the loops of the mattress 
sutures, the combination controlling the hemorrhage completely. 

Niteh,*? in 1923, removed a tumor of the lingual lobe. The area was 
clamped, resected, and then closed with mattress sutures.  Hieks,** in 
1929, reported the successful removal of a eareinoma of the liver in a 
man 77 vears of age, using sharp dissection and sewing the gap as cut 
with interlocking catgut sutures, then employing a rubber glove for 
tamponage and drainage. The removal of a large pedicled adenoma by 
Schrager,?' reported in 1937, represents the occasional type not requir- 
ing special methods of hemostasis. 

Abel, in 1938, reported the removal of most of the left lobe of the 
liver for a large primary carcinoma. He placed chain ligatures before 
removal, with some ties afterwards.  Love,*’ in 1934, reported the 
removal of the whole left lobe after finding the pedicle and tying the 
hepatie artery and portal vein branehes. The mass was the size of a 
cocoanut, which was later diagnosed hepatoma. Death from metastases 
occurred two months later. Jaekson®® had previously reported the re- 
moval of most of the left lobe after ligation of the left hepatie artery 
and the corresponding veins. His patient, aged SO vears was. well 
seventeen months later. 

Cattell,** in 1940, in his reported removal of a metastatie nodule from 
the right lobe of the liver made a large V-shaped incision to inelude 
the mass which was over three inches in diameter. The bleeding was 
controlled by the slow coagulating current and by separate ligatures 
of the larger vessels. The defect was closed by interrupted catgut su- 
tures after freeing the left lobe to allow more mobility. 
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Wallace,** in an excellent review of the subject of hepatoma in 1941, 
described the removal of such a tumor from the right lobe. After : 
series of overlapping mattress sutures through normal liver, the tumor 
with the gall bladder attached was removed by a wedge-shaped incision 
with a sharp knife through normal tissue, the mattresses were tied, and 
the raw edges closed with a running suture. 

Benson and Penberthy'* accomplished their removal of a 60 Gm. 
tumor in a child by making a wedge-shaped excision with a eautery 
knife and closing this with sutures after placing omentum in the gap. 

The subject of surgical technique has been quite thoroughly presented 
by Walton*! and later studied by Tinker and Tinker.** The latter point 
out that the lobes and subdivisions of the liver are supplied by independ- 
ent arteries so that one section can be removed without injury to the re- 
maining sections, that anastomoses are free so that if the blood supply 
to a part is removed there may still be adequate circulation, and that 
regeneration after removal of liver substance is rapid and quite complete. 
Mann*® also, in his experimental surgery, has shown the tremendous 
regeneration power of the liver and the technique of left lobe removal. 

Methods used for liver tumor removal by the authors quoted are 
varied but follow a few general principles. (1) The tumer or that part 
of the liver may be delivered into the wound and exteriorized. Pins like 
knitting needles may be used to hold it in place if desired; sometimes 
an elastic tourniquet is used. Separation may require two weeks or 
so and it takes many weeks for the stump to heal over. This method has 
been described mostly in the earlier reports. (2) There has been wide 
use of a low-heat cautery or a cautery knife with tying of the larger 
vessels. This seems less in favor perhaps than formerly, but is probably 
necessary for some types. (3) First placing deep mattress sutures or 
interlocking sutures in normal tissues, then cutting out the wedge and 
tightening the already placed sutures followed by an additional running 
suture to close the free edge may be considered a standard method. It 
depends on close opposition plus mattress type of suture to control bleed- 
ing and sounds ideal for the usual large wedge resections. (4) The tight 
holding of the free liver edge by an assistant while the wedge is cut out 
and then tying individually or by through-and-through sutures is prac- 
ticable for some cases. Whenever possible, permanent arrest of hemor- 
rhage by mattresses or individual ties is the best. It is often possible to 
tie the branches of the hepatie artery and to encirele the large venous 
channels. The capsule is the only tough part of the liver that holds at 
all which makes some mattress type of suture usually necessary. Simple 


approximation takes care of the smaller wedges. If approximation can- 
not be accomplished, then approximation over gauze, rubber dam, or 
omentum must be substituted to gain hemorrhage control. If tem- 
porary clamping or holding of the main blood supply at the free edge 
of the lesser omentum is employed, it must be very brief as it causes 
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a dangerous drop in blood pressure.*® Clamps on the liver itself are 
not, as a rule, satisfactory; temporary tourniquet use is not often prae- 
tieable. 

CONCLUSIONS 

1. A ease is reported of successful removal of a large hepatoma, show- 
ing some suggestions of early malignaney without evidence of recurrence 
atter fifteen months. 

2. The literature reveals that the benign adenoma or hepatoma does 
not by any means remain benign and may destroy by pressure if of 
large size or by malignant extension. 

3. Treatment is exclusively surgical; the standard techniques of liver 
tumor removal are reviewed, 


4. The experiences of various surgeons with this problem are reported. 
ADDENDUM 


A letter from the University of Nebraska Hospital, dated January, 1944, states 
that this same patient was admitted there Nov. 11, 1945, for abdominal tumors. 


Exploration showed a normal right lobe of the liver but a left lobe full of tumor 


nodules. A small piece taken from one of these nodules was diagnosed carcinoma 
of the liver (hepatoma type). The tissue was considered after comparison very 
similar to that removed here in January, 1942. 
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COMMENTS ON ILEOCOLOSTOMY AND INTESTINAL 
EXCLUSION 


JoHN H. Ecken, M.D.,* CRANSTON Houtman, M.D.* 
New York, N. Y. 

(From the Department of Surgery of the New York Hospital and Cornell University 

Medical College) 


HE perforation of a carcinoma of the cecum after an ileocolostomy— 


the first operation of a two-stage procedure for the removal of the 


tumor—drew our attention to the problems encountered when proce- 


dures for intestinal exelusion are performed. Little has been written 
on this subject, although a voluminous literature deals with the technique 
of surgery of the large bowel. For this reason we would like to report 


a group of experiments and present records of several cases that illus- 


trate some of the physiologic principles of surgery of the large intestine. 


It may be said that these observations are concerned primarily with 


lesions of the lower end of the ileum and right half of the large bowel 


and since these lesions may be treated either by single or by multiple- 


stage procedures, the conelusions arrived et may help in the proper 


planning of operative therapy. 
During the past ten vears, twenty-nine patients at the New York Hos- 


pital have been subjected to some type of operation for intestinal ex- 


clusion (exclusive of colostomy), performed during the course of treat- 


ment for malignant or nonmalignant diseases. Four of these patients 


had complications that are reported in detail as illustrations of im- 


portant principles that we should like to emphasize. 


Fifty years ago much thought was given to the methods of intestinal 
exclusion and Senn,' and later Hartman,? reported a series of experi- 
ments on so-called physiologic exclusion in which its value in the end 


treatment of certain types of intestinal obstruetion was emphasized. 


With the progress of surgery, methods of exclusion have been replaced 
by methods of removal and, as a result, little has been written in the 
past forty years on principles of intestinal exclusion. However, in the 


present accepted methods of treatment, physiologic exclusion frequently 


is performed as one part of a multiple-stage procedure, or as a palliative 
operation, in spite of the fact that one-stage removal of right-sided 
lesions is becoming the custom and has been made safer with the use of 
the sulfonamides and sueh adjunct measures as the Miller-Abbott tube. 

A multiple-stage removal of a right-sided lesion in the large bowel is 
indicated when (1) complete obstruction is present (a very rare oceur- 
rence), (2) when the lesion is fixed as a result of associated infection, 
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and (3) when a patient’s general condition is so poor, usually as the 
result of partial obstruction, that a complete, single-stage operation is 
too hazardous. This multiple-stage removal generally consists of an 
initial ileocolostomy followed, usually within two to four weeks, by the 
removal of the lower four to six inches of ileum, ascending colon, and 
hepatic flexure. Our studies are limited to the problem of planning the 
first 


FIGURE 3. ( 


FIGURE 4A 
ISOPERISTALTIC 


FIGURE 4 B 
ANTIPERISTALTIC 


Figs. 1 to 4.—Diagram illustrating three types of ileocolostomy (Figs. 1 to 3) and 
two types of anastomosis (Fig. 4 A and B). 


In performing the original ileocolostomy one question arises: whether 
it should be done in continuity (Fig. 1) or whether the ileum should be 
divided (Fig. 2). Although opinion varies as to which is preferable, all 
our studies show that it is important to divide the ileum. First, division 
of the ileum completely diverts the fecal stream, insuring maximum rest 
to the bowel and lesion so that infection may subside, thus facilitating 
the subsequent removal. Failure to divert the fecal stream may lead to 
perforation of the tumor between stages, a complication that not only 
leads to technical difficulty in the second stage, but also may prevent 
completion of treatment. This is illustrated by the following cases. 
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W., a 39-year-old white man, was admitted to the hospital because of a palpable 
tumor in the right lower quadrant of six months’ duration, and abdominal cramps 
and vomiting of two days’ duration. 

Examination revealed a pale, undernourished man whose abdomen was slightly 
distended. A tender, palpable mass was present in the right lower quadrant. 
Hemoglobin was 68 per cent; red blood cells, 4.6 million; white blood cells, 6,800. 
The diagnosis was carcinoma of the cecum. 

After three days of supportive therapy, an ileocolostomy in continuity (Fig. 1) 
was done. The postoperative course was uneventful until the fifteenth day, when 
fever developed and rose progressively over the next ten days. Four weeks after 
the ileocolostomy, the second stage was done with great difficulty because of the 
presence of a large abscess at the site of perforation of the tumor. The postop- 
erative course was stormy and complicated by a fecal fistula. Reeovery was slow 
but complete. 


_ The failure to divide the ileum in this patient probably prevented sub- 
sidence of infection of the tumor and led to subsequent perforation and 
abscess formation. Although the patient recovered, the removal of the 
tumor was done with difficulty and was followed by a stormy postopera- 
tive course and temporary feeal fistula. 

C., a 52-year-old man, was admitted to the hospital because of weakness and fa- 
tigue of seven months’ duration, and a mass in the right lower quadrant of the 
abdomen of two weeks’ duration. There had been a loss of ten pounds in weight 
and intermittent diarrhea. 

The patient was pale and undernourished. There was a hard, slightly tender mass 
in the right lower quadrant. Hemoglobin was 88 per cent; red blood cells, 3.5 
million; white blood cells, 10,000. The diagnosis was carcinoma of the ceeum. 

After two weeks of supportive therapy, an ileocolostomy in continuity (Fig. 1) 
was done. The postoperative course was complicated by a mild fever during the 
first five days. On the eighth postoperative day the patient developed abdominal 
pain and high fever and after a rapidly progressive downhill course, died on the 
twelfth postoperative day. Post-mortem examination revealed a perforated car- 
cinoma of the cecum with generalized peritonitis. 


Failure to divide the ileum and divert the fecal stream again probably 
led to perforation and to the death of the patient. 

Another advantage gained by dividing the ileum at the initial opera- 
tion is the simplification of the second stage, since, not only has division 
of the ileum (a necessary step after ileocolostomy in continuity) been 
accomplished, but also the operative procedure can be completed with- 
out disturbing the previously made ileocolostomy. 

The objection raised to division of the ileum is that the distal end of 
the divided ileum (Fig. 24) may open, resulting in peritonitis. Our ex- 
perience both clinically and experimentally disproves this objection. 
There were nine patients who had ileocolostomy with division of the 
ileum (Fig. 2) without complication, in contrast to thirteen patients with 
ileocolostomy in continuity (Fig. 1), with two complications as detailed 
previously. In eight animals an ileocolostomy was done as shown in 
Fig. 2. The distal segment of ileum and right half of the large bowel 
(A to B) beeame shrunken and atrophic. The animals were asymp- 
tomatie. 
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In the rare patient with complete obstruction, the ileum should be 
divided and the distal end may be brought up through the abdominal 
wall as a safety vent. However, a safety vent rarely is necessary, even 
with complete obstruction, and has the objection of adding technical 
difficulties to the second stage. 

We should like to comment briefly on the technical management of the 
stump of ileum at the site of the ileocolostomy. As has been emphasized 
before, it is important that no ileum be allowed to remain distal to the 
anastomosis, since such an ileal pouch may perforate or become gradually 
distended to a size that produces symptoms of indigestion, abdominal 
pain, and distension. Our experiments merely corroborate this accepted 
fact. The following summary of a patient’s record illustrates a com- 
plication that may occur when excessive ileum remains at the site of the 
ileocolostomy. 

K., a 50-year-old white woman, was admitted to the hospital in March, 1935, In 
1918, the patient had had the right half of the colon removed and an ileocolostomy 
performed for an obstructing lesion of the ascending colon, 

For the past ten years the patient had had vague abdominal pain associated with 
occasional bouts of diarrhea. 

For six months before admission, abdominal pain had been more or less con- 
stant, diarrhea had been frequent, and there had been loss of both weight and 
strength. 

Except for marked pallor the general examination was negative. The abdomen 
was distended and visible peristalsis was present. Hemoglobin was 40 per cent; 
white blood cells, 8,000; red blood cells, 217 million. 

A gastrointestinal roentgen series revealed partial intestinal obstruction in the 
region of the terminal ileum. 

At operation a distended, blind pouch of ileum, measuring ten inches in length, 
was found at the site of the previous ileocolostomy. Simple removal of this pouch 
resulted in a complete cure. The patient was asymptomatic and the blood picture 
was normal two years postoperatively. 


At times there is a question as to the type of palliative procedure that 
should be used for inoperable lesions of the right half of the colon. Prob- 
ably, ileocolostomy in continuity is the procedure of choice, since in some 
cases the lesion may eventually completely obstruct the large bowel. 

There has been some difference of opinion as to whether an_ ileo- 
colostomy should be performed in iso- or antiperistaltic fashion. It was 
found that if the ileocolostomy was done in isoperistaltic fashion (Fig. 
4A) the distal segment of ileum was less likely to fill with an aecumula- 
tion of intestinal contents, and generally dogs in these experiments fared 
better than when they were subjected to an antiperistaltic anastomosis 
(Fig. 4B). 

On rare occasions it is necessary to leave a segment of large bowel 
distal to a colostomy. Whereas a blind segment of small bowel distal to 
an ileocolostomy may be well tolerated for a limited period of time, this 
is not true of the large bowel. If it is necessary to leave a segment of 
large bowel distal to a colostomy, it is wiser to bring the end up through 
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the abdominal wall as a second colostomy opening or to bury the sutured 
distal end in the abdominal wall as added protection to the suture line. 
The following case illustrates what may happen if a closed segment of 
bowel is left distal to a colostomy. 


O., a 51-year-old man, was admitted to the hospital because of symptoms and signs 
of partial obstruction of the lower large bowel. 

Examination was not remarkable except for distention of the abdomen. <A right 
transverse colostomy was performed and the patient prepared for resection of an ob- 
structive lesion in the descending colon, demonstrated by barium enema. 

At operation a large lesion of the descending colon was removed and, because 
of the extent of the lesion, so much of the bowel was resected that the proximal 
descending colon was not long enough to be sutured to the sigmoid. Accordingly, 
both ends of bowel were closed with the thought that at a later stage a reconstructive 
procedure would be done to re-establish the continuity of the bowel. 

The postoperative course was uneventful until the fourth day, when suddenly 
the patient’s condition became poor. He died within twenty hours. 

Post-mortem examination revealed that the splenic end of the bowel had _ liter- 
ally ‘* blown out. *’ 

SUMMARY 


1. Physiologic principles of exclusion procedures in surgery of the 


right half of the colon are discussed. 
2. The importance of dividing the ileum when ileocolostomy is done as 


the initial procedure of a two-stage removal of a lesion of the right half 


of the bowel is emphasized. 
3. The complication of pouch formation at the site of ileocolostomy is 
discussed. 
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TORULA INFECTION 
A REVIEW AND Report oF Four Cases 


Ray E. Burcer, M.D.,* anp CHarLes Bruce Morton, M.D.f 


(From the Department of Surgery and Gynecology, University of Virginia, 
Charlottesville, Va.) 


ORULA is a yeastlike organism belonging to the general class of 

fungi imperfecti, which multiplies by budding, does not produce 
ascospores, does not ferment carbohydrates, and does not produce a 
mycelium in tissue or culture. The organism is widely distributed in 
nature and has been cultivated from many plants and grasses, the 
bodies of numerous insects, bees’ nests, pickle brine, and canned butter 
and milk. It is ordinarily nonpathogenic and various saprophytic or 
avirulent strains have been cultured from the normal skin, throat, and 
gastrointestinal tract of man. 

It has been found pathogenic for man, involving more frequently the 
central nervous system and lungs, less frequently the viseera,* 7° 7° 
nasopharyngeal structures,’ 1% 21) 27 28, 32,34 Jymph 
nodes,* and muscles and bones.t Frothingham! recorded the first 
spontaneous case in the animal kindgom in 1902; the disease being con- 
fined to the lungs of a horse. Weidman*? observed a ease of generalized 
torulosis in a horse. Weidman and Ratcliffe** reported it in one other 
animal, the cheetah, in which the process was generalized. Pathogenicity 
has been demonstrated experimentally in mice, rats, guinea pigs, rab- 
bits, cats, and monkeys.* 

The nomenclature of veast and veastlike infections is loose and in- 
definite with attendant confusion. Names applied to the same or similar 
organisms causing the same disease picture are: Cryptococcus hominis; 
C. histolytica; C. meningitidis, Torula histolytica. Weidman®*? states 
that he has collected twenty pathogenie¢ strains of the organism. The 
disease has been referred to as torulosis. European blastomyecosis of 
Busse-Buschke and eryptococecosis. 

It is thought that the portal of entry is usually through the upper 
respiratory passages and lunes, the organism having a special affinity 
for the tissues of the central nervous system. Invasion of this system 
by torula has been universally fatal. Zenker,*® as early as 1861, re- 
ported a patient who died of encephalomeningitis, due to a yeastlike 
organism, associated with a pharyngeal exudate without skin involve- 
ment. He described small granulomas and collections of pus in the 
meninges and brain. Kreeman accepted this as a probable case of cen- 
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tral nervous system torulosis. The next authentic case was reported 
in 1905 by von Hansemann,”? also in the German literature. Rusk and 
Farnell,?*> in 1912, recorded the first two cases in this country. The 
morphology of the organisms and pathology of the disease remained 
obscure until Stoddard and Cutler,?® in 1916, isolated the organism by 
cultural methods, animal inoculations, and histologie study of sections 
of tissue; described the clinical characteristics and pathologie changes ; 
collected four cases from the literature and added two of their own. 
They aseribed the name 7. histolytica to the organism. Freeman’? in 
1931, in an exhaustive monograph, collected forty-three cases from the 
literature. Levin'® summarized the reported cases of central nervous 
system torulosis in 1937, bringing the total to sixty. Recently, Bin- 
ford,® in 1941, tabulated the cases reported since Levin’s summary, mak- 
ing a total of seventy-five. Sinee then there have been isolated reports 
of twenty-five cases, making a total of 100 recorded cases of involve- 
ment of the central nervous system by torula. 

A pathologie classification of central nervous system torulosis was 
made by Freeman,’ in 1930. He divided the disease into three types: 

) A purely meningeal form, with diffuse or granulomatous meningitis ; 
(2) a perivascular form, with small granulomas or cysts in the cortex; 

) an embolie form, with deeply placed lesions lying chiefly in the 
gray matter. Clinically, the eases of involvement of the central nervous 
system resemble tuberculous meningitis and brain tumor more fre- 
quently, with meningitis (unqualified), encephalitis, brain abscess, 
dementia psychosis, and dementia paralvtica simulated less fre- 
quently.* 17 

Coincident involvement of the lunes oceurred in nine of Levin’s 
sixty eases, in four of Binford’s fifteen cases of central nervous sys- 
tem torulosis, and in one of the six eases of Reeves, Butt, and Ham- 
mack.??. Reports of involvement of the lung alone are rare, and have 
been given by Sheppe** and Hardaway and Crawford! with an appar- 
ent recovery in the latter ease. 

Generalization of the mycotie process occurred in only twelve of the 
eighty-one collected cases of Freeman, Levin, Binford, and Reeves, 
Butt, and Hammack and is usually fatal. In association with and 
aceessory to torula infection of the central nervous system and lungs, 
the disease has been reported to involve nearly all the tissues and 
organs of the body. 

There are a few eases in the literature in which the infectious process 
was localized and limited to certain parts of the body, and in which 
the torula organisms were recovered from the lesions. Brewer and 
Wood,* in 1906, recorded the first; the case of a man with an abseess 
of the museles and bone of the spine. Evacuation, curettement, and 
packing with formalin dressings effected a eure. MeGehee and Michel- 
son'® reported the recovery of a patient after incision and drainage of 
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an inguinal abscess which extended into the pelvis. This patient also 
received a course of potassium iodide. Alvarez’ reported a red torula 
infection of the tongue which responded to arsphenamine and quinine. 
Jones’® reported a torula infection involving the palate and_naso- 
pharynx which was arrested after cauterization, x-ray therapy, and the 
internal administration of iodides. Gill'* also reported several cases of 
localized torulosis, one an ulcerative cutaneous lesion in the preauricular 
region on each side of the face which yielded to currettement, x-ray, 
and potassium iodide; another infection involved the orbit and para- 
nasal sinuses, was accompanied by the presence of torula histolytica in 
the blood stream, and recovery followed x-ray and potassium iodide 
therapy. The relationship of torulosis and Hodgkin’s disease has been 
mentioned occasionally in the literature, though not nearly as frequently 
as the tubereulosis-Hodgkin’s disease relationship. The tissue reaction 
in the reticeulo-endothelial system to torula is not unlike that seen in 
Hodgkin's granuloma in some reported instances. Attention was first 
ealled to this fact by Freeman and Weidman," in 1923, who reported 
a patient who was first seen five years prior to death with enlarged 
lymph glands of the neck. Excision biopsy of one of these revealed 
Hodgkin’s disease. The neck glands regressed under x-ray therapy, 
but at the time of his final admission he had a large discrete mass in 
the right axilla. He died of cerebrospinal torulosis, confirmed at 
autopsy. Axillary and peripancreatic Iwmph nodes were greatly en- 
larged and were not quite typical of Hodgkin’s disease, although highly 
suggestive. 

There have been three other cases reported in which Hodgkin’s dis- 
ease has been diagnosed by biopsy sometime before the onset of torulo- 
sis. Cabot’s® patient had a prior diagnosis of Hodgkin's disease before 
dying of a torula meningitis with involvement of the kidney, adrenal, 
and lungs with coincident involvement of the spleen and bronehial and 
retroperitoneal lymph glands with Hodgkin’s disease. During the dis- 
cussion of this case, Mallory stated that it was the fourth case that he 
had seen of coincident torula infection and Hodgkin’s disease. He 
added that he had seen an unpublished manuseript in whieh approxi- 
mately eighty cases of torulosis were mentioned in about twelve of 
which torula and Hodgkin's disease were found together. Owen,” in 
1940, and Warvi and Rawson,*’ in 1942, reported patients with an 
earlier diagnosis of Hodgkin’s disease dying of torulosis. 

There have been single cases reported by Smith and Crawford?> and 
Wile* in which an early diagnosis of Hodgkin’s disease was made by 
biopsy. The patients later died of torulosis, and review of the original 
slides reveal torula organisms present in the biopsy material. 

In 1934, Fitchett and Weidman* reported the case of an 18-year-old 
negro male, who had noticed enlarged glands bilaterally in the axilla, 
neck, and groins for three years. Admission to the hospital was for 
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swelling of the face and neck, dizziness, headache, and delirium. Ex- 
cision of one of the axillary nodes revealed changes suggestive of 
Hodgkin’s disease; yeast organisms were recovered in scrapings from 
the cut surface, but could not be demonstrated in the stained sections. 
The diagnosis of torulosis was made from spinal iluid and autopsy 
findings. The autopsy revealed changes similar to typical Hodgkin’s 
disease in the superficial and peribronchial lymph nodes and a medi- 
astinal mass showing more or less loss of architecture and reticulo- 
endothelial hyperplasia with the presence of Dorothy Reed cells. Torulo- 
sis of the brain, meninges, kidneys, pancreas, and spleen was found. 
Torulae were cultured from the mediastinal mass. In comparing the 
histologic changes in the spleen, lymph nodes, and mediastinal mass 
they found the amount of reticulo-endotheliosis less in the spleen where 
the changes were due to torulae alone, than in the lymph nodes and 
mediastinal mass where the Hodgkin’s characteristics were assumed. 

To illustrate further the type of reaction incited in lymph nodes by 
the torula organisms, Watts,*' in 1932, reported a patient dying of gen- 
eralized torulosis, with cerebrospinal symptoms inost marked, who had 
involvement of lymph nodes at the hilum of the spleen and near the 
common duct. Most of the nodes were completely replaced by fibro- 
caseous material. Tuberele-like structures with and without giant cells, 
scarring, extensive hyaline degeneration, and marked endothelial hyper- 
trophy were present. Yeast fungi could not be found, but some giant 
cells contained spaces resembling the residues of organisms. 

Sheppe** reported the first case of torulosis from the University of 
Virginia Hospital in 1924, that of a man who died of pulmonary torulo- 
sis, apparently without central nervous system involvement. In 1939, 
Magruder” reported three cases with involvement of the central nervous 
system in which the diagnosis was made ante mortem by culture and 
smear of the spinal fluid, associated with biopsy of the cerebral meninges 
and cortex in one ease. 

We wish to report four additional cases of torulosis, and to give a 
follow-up report on Magruder’s third ease. 


REPORT OF CASES 


CASE 1.—Mrs. E. 8. (Hist. No. 60767), a white woman, aged 66 years, was ad- 
mitted to the University of Virginia Hospital Sept. 10, 1936, in a semicomatose 
state. 

The family history was pertinent to the extent that she had a son in the hospital 
at the time with typhoid fever. The past history was irrelevant. 

Her illness began one month prior to admission to the hospital with headache, 
nausea, and vomiting. The symptoms had progressed with the addition of pain 
in the neck and back, and occasional fainting spells and chilly sensations. She had 
gradually become lethargic and was brought to the hospital in the semicomatose 
condition. 

Physical examination revealed the following abnormalities: a very drowsy patient ; 
a splotehy erythematous rash over the trunk anteriorly; a moderately stiff neck; 
a faint apical systolic murmur with heart size hard to determine; blood pressure 
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186/100, pulse rate 90 per minute, temperature 100.4° F.; absent knee jerks; sug- 
gestive bilateral Babinski; and a positive Gordon on the right. 

Laboratory studies during the first two days of hospitalization were as follows. 
The hemaglobin was 84 per cent (Haden-Hauser), the leucocytes 8,800, and the 
differential count from a stained blood smear showed a normal distribution of 
cells. Blood Wassermann and Kahn tests were regative, the blood urea 64 mg. 
per 100 ¢.c., blood culture negative, and agglutinations with Bacillus typhosus, para 
A and B negative. The catheterized urine contained albumin, 3 plus, and micro- 
scopic examination revealed 2 to 3 white blood cells, 3 to 5 red blood cells, and 
an occasional granular cast. The stool specimen revealed occult blood, 3 plus. Lum- 
bar puncture was performed and a pressure of 415 mm. of water found. The fluid 
was slightly cloudy, and had a slightly increased globulin content. There was a cell 
count of 474 cells with a predominence of polymorphonuclears. A smear and 
culture were negative. 

A tentative diagnosis of benign lymphocytic choriomeningitis was made. 

During the first week of hospitalization a lumbar puncture was done daily with 
a cell count as high as 650 at one time. The lymphocytes gradually superseded 
the polymorphonuclears and became more abundant. For a time she gradually 
improved and became more alert, being able to take nourishment by mouth. She 
could talk, answer questions, and recognize members of her family. However, she 
continued to run a fever with temperatures between 100 and 101° F., and the 
spinal fluid continued to show a varying number of cells. After a month of slight 
improvement, she became very drowsy and unresponsive, and would not take nourish- 
ment. During the last two months of her illness she was given nourishment by 
stomach tube and intravenous infusions. 

Neurologic examination during this time revealed an inability to recognize ob- 
jects, motor and sensory aphasia, a coarse tremor of the arms and legs, pain and 
temperature sensations markedly diminished, hyperactive deep reflexes, unsustained 
left ankle clonus, and a suggestive Babinski sign on the left side. 

Spinal taps were done in the later stages every four to five days, the last one 
showing a cell count of 86, with a predominance of lymphocytes. At one time the 
spinal fluid globulin was greatly increased and the total protein 127 mg. per 100 
e.c. The colloidal gold curve indicated only meningeal irritation. The spinal fluid 
Wassermann was negative. The blood urea was 50 mg. per 100 c.c. 

She lapsed into rather deep coma during the last month, voided and defecated 
in bed, and, in spite of careful nursing care, developed several bed sores. She 
continued to run a fever, with temperatures from 100 to 102° F. The white count 
varied from 11,200 to 12,600. A week before death the temperature increased 
somewhat and ranged from 102 to 105° F. The respirations became more labored, 


and physical examination showed large coarse rales throughout both lungs, but 
there were no signs of consolidation. She expired on Dee. 7, 1936, about four 
months after the onset of the illness. 

An autopsy revealed chronic torula meningitis; atrophy of the brain; chronic 
bronchitis and bronchiectasis; confluent lobular pneumonia with bronchogenic 
abscesses (right lower lobe); purulent thrombosis of pulmonary vessels; acute 
fibrinous pleurisy; extensive decubital ulcers over buttocks and ankles; edema of 


legs; atrophy of organs; emphysema; generalized arteriosclerosis; scarring of myo- 
eardium and kidneys; chronic cystitis; scarring of cervix with obliteration of 
cervical canal; chronic endometritis; hyperplasia of femoral marrow; pigmentation 
of the spleen and bone marrow. 

The brain weighed 1,150 Gm. and on gross examination small areas of thickening 
of the pia-arachnoid over the surface were revealed. These areas were a few 
millimeters in diameter. On section of the brain no changes were seen except those 
of atrophy. The spinal cord appeared normal. Microscopic examination of the 
brain revealed a chronic cellular exudate and marked increase in connective tissue 
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throughout the pia-arachnoid. The cellular exudate consisted almost entirely of 
plasma cells, lymphocytes, monocytes, and giant cells of various sizes which con- 
tained torula. The organisms varied enormously in size and structure and usually 
occurred in small groups within the giant cells. They were spherical with a re- 
fractile margin and a central area which stained blue in some and red in others. 
None of the organisms were found in the section of the brain substance. 


Comment.—This was a patient with torulosis of the central nervous 
system who died after an illness of four months. The diagnosis was 
made at autopsy, and would fall into Freeman’s type I or the purely 
meningeal form. Repeated spinal fluid taps did not reveal the organism. 


CASE 2.—R. T. (Hist. No. 145589), a white man, aged 26 years, was admitted 
to the University of Virginia Hospital Jan, 11, 1959, with the complaint of gen- 
eralized weakness, headache, fever, loss of weight, and enlarged cervical glands. 

The family, past, and marital histories were irrelevant. 

The onset of illness had begun one and one-half years prior to admission with 
fatigue, weakness, general malaise, and anorexia. Headaches, anemia, loss of weight, 
night sweats, and fever had followed shortly. The temperature of 101 to 102° F. 
had run in cyeles lasting ten days to two weeks followed by a remission of tem- 
perature with partial remission of symptoms for two to three weeks. He had 
received liver and iron for his anemia, and a course of sulfanilamide of 100 tablets. 
Chest x-rays, agglutinations for undulant fever, blood smears, and barium enema 
elsewhere had been negative. He had first noticed enlarged, tender glands in his 
neck two to three weeks prior to admission. During the course of his illness he 
had lost about forty-five pounds in weight. 

Physical examination revealed a malnourished, pale individual with very pale 
mucous membranes, The posterior cervical and supraclavicular lymph glands were 
enlarged bilaterally, some to 2 to 8 cm, in diameter. They were freely movable, 
slightly soft, and mildly tender. None of the other superficial lymph glands were 
enlarged. The liver and spleen were just palpable beneath the costal margin. 
There was a soft apical systolic murmur. Peripheral reflexes were hyperactive. 
Blood pressure was 112/68; temperature 100.6° F., and pulse rate 92 per minute. 

Laboratory studies were as follows: hemoglobin 71 per cent, red cell count 
4,170,000, white cell count 5,000, with the smear showing a normal distribution of 
cells. Wassermann and Kahn reactions, urine and stool examinations, and agglutina- 
tions for Br. abortus were negative. An intracutaneous brucellergin test was nega- 
tive; and the opsonocytophagic reaction revealed that the patient was susceptible. 
X-rays of the chest revealed a little calcium in the right root zone, but the lung 
fields and mediastinum appeared essentially normal. 

The tentative diagnosis was Hodgkin’s disease, and several right cervical nodes 
were excised for microscopic study. The report of the department of pathology 
was: ‘‘Capsule of lymph nodes thickened. Throughout there is complete oblitera- 
tion of the usual lymphoid architecture. Follicles no longer visible. The lymphoid 
structures have been replaced by a disorderly array of cells of various types, in- 
cluding innumerable large giant cells, some multinucleated, of Dorothy Reed types. 
In addition one sees lymphoid cells, fibroblasts and endothelial cells, and a seat- 
tering of polymorphonuclears. There is a rather diffuse fine fibrosis throughout 
the nodes. Eosinophiles not present. All nodes show similar changes. Diagnosis: 
Hodgkin’s disease, cervical lymph glands.’’ 

He was started on x-ray therapy, and received a total of 900 R. to each side 
of the neck over a period of two weeks with regression in the size of the glands. 
He also received two blood transfusions to combat a mild secondary anemia. Dur- 
ing the first two weeks of his hospitalization the temperature ranged from 100 
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to 103° F., during the latter part the temperature rose daily to about 100° F. He 
was discharged Feb. 5, 1939, feeling much better with instructions to return to 
the tumor clinic for follow-up studies. 

He returned to the hospital March 7, 1939, with the following complaints: daily 
rise in temperature to 102° F., night sweats, anorexia, weakness, and generalized 
aching body pains. <A persistent and constant headache was accompanied at times 


by vertigo, tinnitus, and transient deafness. Edema of the ankles and swelling of 


the abdomen of two weeks duration had been observed. 

Examination at this time revealed a slightly jaundiced condition, and the patient 
in the same malnourished state. The lymph glands of the neck were very small, 
just barely palpable, and felt fibrosed and matted together. The abdomen was 
moderately and symmetrically enlarged with shifting dullness and a fluid wave 
demonstrable. The liver and spleen could be palpated two fingerbreadths below the 
costal margin. There was moderate edema of the feet and ankles. Chest x-ray 
revealed no changes from those noted at the first examination. 

Laboratory studies revealed some secondary anemia, the hemoglobin 68 per cent, 
red cell count 3,400,000, and white cell count 4,750. The ieterus index was 16, total 
protein 4.4 per cent, with the albumin-globulin ratio 1.1:1. Blood cultures, agglutina- 
tions for Br. abortus, and the brucellergin skin test were negative. The opsonocy- 
tophagie reaction was again reported as susceptible. Blood urea was 22 mg. per 
100° 

It was assumed that the patient had involvement of the liver and retroperitoneal 
nodes with the Hodgkin’s process. He was started on x-ray therapy and given a 
total of 1050 R. to the abdomen over a period of a week. He had a persistent, 
swinging temperature from subnormal to 102° F, and steadily declined in strength 
and weight in spite of high calorie diet, vitamins, iron, and seven blood transfusions. 
He steadily became weaker, lethargic, and more jaundiced with the highest icterus 
index 127, and died April 21, 1959. 

Significant Autopsy Findings. 

Gross: The body was that of a fairly well-developed but markedly emaciated and 
dehydrated white man, deeply jaundiced. The right pupil was dilated and regular, 
the left being about the same size but irregular. Anterior and posterior cervical 
lymph nodes were moderately enlarged and firm. Previous biopsy incision had 
healed. The abdomen was rounded somewhat with a fluid wave evident. Axillary 
and inguinal nodes were decidedly enlarged and firm with a tendency to be con- 
glomerate rather than discrete. Rather marked edema of the feet and ankles was 
present. On opening the abdomen, the viscera were in their normal relationship 
and the peritoneal cavity contained approximately 1,800 ¢.c. of amber colored fluid. 
Both pleural cavities contained between 150 and 200 c¢.c. of the same type of fluid. 
Numerous old, fibrous pleural adhesions were found on the left from apex to base, 
laterally and posteriorly. ‘The other general findings were unimportant. 

Lungs: Small, patchy areas of consolidation in addition to edema were present 
in the lungs. 

Liver: Weight, 2,760 Gm.; 31 by 25 by 9 em. The capsular surface was smooth 
and glistening with a rather mottled, brownish-yellow appearance. On section the 
cut surface was firm with small alternating areas of red and yellowish color cor- 
responding in general to the lobular markings. 

Spleen: Weight, 885 Gm.; 25 by 12 by 6.5 em. The capsular surface was smooth 
and glistening. On section, the cut surface was deep reddish purple with widely dis- 
tributed, irregular, yellowish areas of firm consistency. 

Kidneys: Each kidney weighted 250 Gm. and measured 13.5 by 7.5 by 4 em. The 
capsules stripped easily, leaving a pinkish-red surface studded here and there with 
small yellowish flecks. On section, cut surfaces showed an essentially normal archi- 
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tecture of cortex and medulla with the presence of many small, irregular, yellowish 
areas 1 to 2 mm. in diameter. These were present in both the cortex and pyramids. 
Both kidneys had similar changes. 

Small intestine, colon, and appendix: Nothing significant was found except for 
au few small, punched out ulcerations in the terminal ileum. 

Femoral Bone Marrow: Femoral bone marrow was pinkish red and hyperplastic 
in appearance. 

Lymph nodes: Generalized enlargement of the axillary, inguinal, cervical, medias- 
tinal, and all groups of retroperitoneil nodes was noted. Some nodes reached a 
diameter of 4 em. On section they were vellowish white, very firm, and showed 
much searring. 

Permission for removal of the brain and neck structures was not granted. 
Microscopic.— 

Heart: The myocardium was normal except for scattered small nodules or foei 


consisting of groups of round cells and larger mononuclears lying in an intercellular, 


slightly acidophilic material. In at least two nodules were seen several yeastlike 


bodies although they were not definitely identified as torulae. The characteristic 
nodules occurred both in the ventricle and atrium. 

Aorta: The aorta proper was normal, Just outside the adventitia was a small 
nodule of what seems to have been lymphoid tissue. It was replaced by scar, rather 
dense and containing small vascular spaces, both blood and lymph. There were 
granulomatous foci with mononuclears, a few polymorphonuclears, a few plasma 
cells, lymphocytes, and a few cells which resembled those of the Sternberg type. 
In many of the small lyiphatie spaces there were the same mixed cells among 
which lay several yeast bodies. 

Lungs: Areas of hemorrhage, edema, and early lobular pneumonia were found 
in the lungs; also several peribronchial nodules showing rather dense searring with 
an admixture of remaining lymphocytes and many giant cells of the Sternberg type. 
Much pigment was present. In one or two foci, probably in lymphaties, there were 
small veastlike bodies. They were difficult to identify. 

Liver: In the liver widespread, nodular, granulomatous areas were present which 
appeared chiefly in the periportal regions, many having become confluent. Their 
cellular content consisted mainly of round cells, mononuclears, and giant cells as 
seen in the other organs. There were occasional eosinophiles but relatively few 
polymorphonuclears. No definite yeast bodies could be identified. 

Spleen: There was widespread scarring and disturbance of architecture. Some 
of the same granulomatous areas were present as had been seen in the liver, but 
many areas showed a peculiar irregular zone of mononuclear cells filled with lipoid 
material. Yeast bodies were not definitely identified. 

Kidneys: Seattered throughout the sections were more nodules, the distribution 
of which was irregular. Many involved glomeruli and surrounding tissue, but they 
oecurred in both the cortex and medulla. The areas were essentially granulomatous, 
some with a tubercle-like appearance having definite necrotic centers; others had 
relatively clear central spaces. The peripheral zone of all contained round cells, 
mononuclears, and a few polymorphonuclears. Yeast bodies were numerous in these 
nodules, and some tubules were actually filled with them. 

Adrenals: Structure was essentially normal, except for a number of small foci 
of cellular infiltration containing essentially the same cells as seen in the kidney 
nodules. Few polymorphonuclears were present. In one or two foci there were 
definite suggestive yeast bodies, 

Lymph nodes, mediastinal: Widespread obliteration of normal architecture had 
occurred with replacement by a large amount of scarring and many large granu- 
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lomatous areas having the appearance of Hodgkin’s disease. Giant cells of the 
Sternberg type were numerous. In addition there were numerous foci many of 
which had necrotic centers, others involving lymphatic channels, especially around 
the periphery of the nodes. These foci and lymphatics contained abundant yeast 
bodies both free and intracellular. In one node there was a large caseous tubercle 
containing calcium, apparently representing healed tuberculosis. 

Abdominal, preaortic: The predominant feature was widespread scarring, much 
of which had hyalinized. Certain granulomatous areas persisted with remaining 
lymphocytes, Sternberg cells, occasional plasma cells but with a rare eosinophile. 
A few necrotic areas were present, especially in the hyalinized portions. In these 
many yeast bodies were present as well as definite ‘‘shadows’’ of yeast bodies. 
A few could also be seen in the remaining granulomatous areas. Some were present 
in lymphaties and also in one or two rather large veins around the periphery of the 
node. 

Axillary: Normal architecture was practically replaced by a definite granulom- 
atous process similar to that described elsewhere; scattered foci containing yeast 
bodies were present. 

Inguinal: Intense old scarring was seen with replacement of all normal archi- 
tecture. A few granulomatous areas remained, very similar to those seen in Hodg- 
kin’s disease. Yeast bodies were again identified in many areas, even a few in the 
veins around the nodes. 

Peripancreatic nodes: A process similar to that seen in the other nodes with no 
normal lymphoid tissue was present. A good deal of hemorrhage had occurred. 
Many yeast bodies were in evidence. 

Femoral bone marrow: A very definite hyperplasia with areas of mild gelatinous 
changes was found. 

Vertebral marrow: Occasional foci of rather concentrically placed mononuclear 
cells were evident, which suggested the type of reaction caused by torulae, although 
none could be definitely identified. The remainder of the section showed rather 
crowded cellular marrow elements. 

A guinea pig which had been inoculated with material from the abdominal cavity 
at the time of the autopsy died five weeks later, with the lungs, liver, spleen, and 
lymph nodes showing torula infection, the organisms identified in the tissues. 


Comment.—This case adds another to the recorded instances of gen- 
eralized torulosis. There have been thirteen in the literature reviewed. 
Although there is pathologie evidence of involvement of the lymph 
nodes and certain viscera, unfortunately, permission was not granted 
for removal of the brain. There were, however, definite signs and 
symptoms referable to the central nervous system, and it seems highly 
probable that the infection was present. This clinical evidence, how- 
ever, did not occur until late in the course of the illness. 

The fact that a pathologic diagnosis of Hodgkin’s disease was made 
from a lymph node removed three months before death, adds further to 
the interest. A search of the literature reveals only a few cases where 
such a diagnosis was made prior to the known occurrence of the torula 
infection. This interval has varied from three months in the present 
ease to five years in the eases of Freeman and Weidman, and Owen. 
The association of torulosis with Hodgkin’s disease is rare and in most 
of the reported cases, the previous diagnosis of Hodgkin's disease was 
based on a somewhat atypical appearance of the lymph nodes in ques- 
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tion. In two such instances, torulae were later found in the original 
biopsy. In our ease, we believe that the original diagnosis of Hodgkin's 
is justifiable mieroscopieally, but certain atypical features were pres- 
ent. On reviewing the slides we have been unable to definitely identify 
torulae in the nodes, but the appearance of the latter was such as to 
raise the suspicion that they may have been present, i.e., that the nodes 
represented a healing process with torulae as the inciting agent. From 
the study of the autopsy material it seems evident that some of the 
lesions, especially in the liver and in certain lymph nodes, were com- 
patible with Hodekin’s disease. On the other hand, torulae were found 
in all the lymph nodes studied and in many lesions which were similar 
to those seen in Hodekin’s disease. The lesions containing torulae 
varied somewhat in appearance depending on their age, some being 
necrotic without much reaction, others exhibiting a rather pro- 
nounced cellular response. All were essentially granulomatous. 

From the evidence in this case and from others reported, one cannot 
escape the fact that torula infection produces granulomatous lesions 
which may closely simulate those seen in Hodgkin’s disease. In the 


present study it seems certainly possible that the torula infeetion could 


have been the etiologic factor in producing the lesions encountered, 
lesions which were granulomatous and which might produce a picture 
both elinieally and pathologically closely akin to Hodgkin’s disease. 
We realize the difficulties in attempting to prove such a relationship and 
can only offer the evidence given here in discussing the question. This 
has been previously done, especially by Fitehett and Weidman. 

As to the kidney lesions, they were apparently rather typical for 
that organ. Due to their location the organisms must have been ex- 
ereted in the urine. This has been observed previously* and we again 
call attention to the possibility of identifying the veast cells in the 
urine as a diagnostie aid. 


CASE 3.—Mrs. C. I. (Hist. No. 146458), a white woman, aged 41 years, was 
admitted to the University of Virginia Hospital Feb, 13, 1939, with the complaint 
of pain and the occurrence of a mass in the right thigh. 

The family, past, and marital histories were irrelevant. 

She had first noticed a dull, aching pain on the inner aspect of the right thigh 
six months prior to admission. During the ensuing months the pain had been fairly 
constant, radiating down the medial side of the thigh into the calf fairly frequently, 
but never disabling. About six weeks prior to admission she had noticed the ap- 
pearance of a nontender, firm mass about the size of an egg in the anteromedial 
aspect of the thigh. The mass had grown rapidly larger and extended around the 
thigh medially. No masses had been noticed anywhere else, nor any glandular 
enlargement. She had consulted her family physician, who had referred her to 
the hospital. 

Physical examination revealed a firm, slightly tender, almost immovable mass of 
the soft tissues of the upper anterior and medial aspect of the right thigh, measur- 
ing 8 by 4 by 2 inches, with no skin or bony attachment. There was no redness 
nor increased heat, nor any enlarged glands in the groin. The remainder of the 
examination revealed no abnormalities. Her temperature was 99° F, 
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Laboratory study revealed no abnormalities except for some elevation of the 
leucocytes. Her hemoglobin was 84 per cent, the red blood cells 5,130,000, the 
white blood cells 11,200. Urine examination and Wassermann and Kahn reactions 
were negative. The blood calcium, phosphorus, and phosphatase were within the 
normal range. 

As x-rays of the lungs and the hip and thigh regions were negative except for 
a hazy soft tissue shadow, the mass was aspirated and several plugs of tissue and 
much thick, glary, mucinous material withdrawn. 

The initial report on the culture and smear from Dr. W. E, Bray’s laboratory 
of clinical pathology was blastomyces, and from the department of pathology, 
blastomycosis of the soft tissues. Further cultures were taken and studied rather 
extensively by Dr. Bray and Dr. George M. Lawson of the department of bac- 
teriology and public health with the conclusion reached by both that the organisins 
were not blastomyces but torulae. The diagnosis was based on the rapidity of the 
growth, the reproduction by budding, the failure to produce mycelia, and the mor- 
phologic and cultural appearance of the organism, 

In spite of thymol administered systemically and by local injections, the mass 
continued to enlarge and extended posteriorly to the gluteal fold. The patient 
started running a low-grade fever, with temperature from 99 to 100° F, Amputa- 
tion of the leg at the hip joint in an effort to eradicate the local lesion surgically 
was suggested Feb. 19, 1939, but due to the fact that there was no unanimity of 
opinion among the members of the surgical staff and that the patient’s family had 
to be contacted, action was delayed until March 10, 1989. 

On this date, under spinal anesthesia, disarticulation of the right leg at the hip 
joint was performed. During the procedure gelatinous exudate and diseased tissue 
were encountered, and the incision had to follow closely the pelvic bone in’ order 
to remove all diseased tissue. A drain was left in the wound, and the patient was 
given potassium iodide therapy systemically, 

Cultures fromm the exudate encountered at the time of operation again revealed 
torulae. Pathologic examination of the thigh region revealed grossly a spacious 
irregular ‘tabscess’’ cavity with the walls of the cavity ill-defined and dissecting 
between the muscle and fascial planes, at points seeming to destroy these tissues. 
The cavity had been cut into at its upper end and was filled with a viseid grayish- 
white, glistening, mucinous material, which was odorless. Microscopic examination 
of stained sections revealed almost complete loss of tissue in the central portions 
of the mass, with the tissue replaced by torulae, phagocytes, many of which con- 
tained torulae, polymorphonuclears and lymphocytes with mucinous intercellular ma- 
terial, Sections of the wall revealed a poorly developed type of granulation tissue 
reaction in which lymphocytes greatly predominated. The sections also showed 
foreign body gient cells and phagocytes containing debris and torulae. The sur- 
rounding muscles and soft tissues showed some round cell infiltration. 

The patient was discharged on the twenty-second postoperative day, afebrile and 
with the stump almost healed. On a return visit six weeks later the stump had 
healed entirely, and there were no other manifestations of the disease. 

She returned to the hospital Oct. 24, 1989 with the complaint of slight bloody 
drainage from a small area which had appeared in the center of the amputation 
scar ten days previously, Otherwise she had enjoyed good health. Examination 
revealed a sinus tract 2 mm, in diameter in the central portion of the scar which 
could be probed to a depth of 1 em. There was no surrounding induration or ten- 
derness. A smear from the sinus tract revealed bodies which appeared to be torulae. 
A culture, however, was negative for torula, X-rays of the hip and chest were nega- 
tive. Under spinal anesthesia the tract was thoroughly cauterized and then com- 
pletely excised. Examination of this tissue revealed a chronic inflammatory change 
in the tissues and a few bodies which may have been torulae, but these could not 
be definitely identified because of the effect of the cautery. She was discharged 
with the area healing satisfactorily. 
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She has been seen several times since discharge from the hospital. She has re- 
mained in good health and the stump healed with no sign of recurrence of the 
disease. June 25, 1945, she stated, in reply to a letter of inquiry, that she had 


had no further trouble. 


Comment.—Case 3 represents the rare localized form of torulosis, like 
the soft tissue infections reported by Brewer and Wood, and MeGehee 
and Michelson. The patient has apparently been cured following rad- 
ical surgery. Internal administration of potassium iodide postopera- 
tively was emploved. 


CASE 4.—Miss K. N. (Hist. No. 1853853), a white woman, aged 24 years, was 
admitted to the University of Virginia Hospital, Dec. 3, 1942, with the complaint 
of headache, nausea, and vomiting. 

The family and past histories were not significant. 

She had developed a severe throbbing headache five days before admission to 
the hospital, which had not been relieved by the usual analgesics. Two days before 
admission nausea and vomiting had_ started. 

Physical examination revealed the following abnormalities: blurring of the nasal 
side of both optic dises; slight stiffness of the neck on admission which in a period 
of twelve hours increased greatly; and a temperature of 101.4° F. 

Laboratory studies were as follows: hemoglobin 68 per cent (Dare), red cell 
count 3,480,000, white cell count 11,000, with a smear showing a normal distribution 
of cells. Urine and stool specimens were essentially normal. The blood urea was 
45 mg. per 100 ee. A spinal puncture performed shortly after admission revealed 
a pressure of 200 mm. of water. The fluid was clear, there was a moderate in- 
crease in globulin, and a count of 80 cells, with a predominance of lymphocytes. 
A smear was negative, but the culture later showed torula. 

Before the report of the positive culture, a diagnosis of benign lymphocytic 
choriomeningitis was made, Another spinal puncture revealed 390 cells with a 
predominance of polymorphonuclears. She was then given sulfadiazine for one day 
and sulfapyridine until four days before death. Potassium iodide was given by 
mouth, and aeriflavine intrathecally. Torula organisms were recovered from the 
blood stream. 

During the course of the illness she continued to complain of headache, steadily 
lost weight, and remained semicomatose or comatose most of the time. Repeated 
spinal punctures were done, and the spinal fluid pressure steadily rose to over 700 
mm. of water. December 22, through bilateral postparietal burr openings, a ven- 
triculogram was made in order to rule out internal hydrocephalus. The films  re- 
vealed normal ventricles. On December 25, she lapsed into deep coma and _ respira- 
tions stopped rather abruptly. Permission for autopsy was not granted, 

Comment.*—This was primarily a case of central nervous system 
torulosis, the organism being recovered on smear and eulture of the 
spinal fluid at many different times. There was one positive blood eul- 
ture, although no other foci of infeetion were evident during the 
course of the illness. 
Case 5.—This is a follow-up report on Magruder’s Case 8. To review briefly 
his protocol; she was a 22-year-old colored female, admitted to the University of 
Virginia Hospital on April 23, 1937, complaining of headache of three months 
duration, accompanied by pain in the neck of five weeks duration. She also had 
at various times, earache, tinnitus, photophobia, diminished visual acuity, anorexia, 
and vomiting. She was admitted in an irrational state and examination revealed 


reported in more detail by a member of the Department of 
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definite choking of the optic discs, a large amount of exudate and several recent 
hemorrhages, slight stiffness of the neck, slight deviation of the tongue to the 
left, left biceps reflex greater than the right, sluggish patella reflexes, and absent 
Achilles tendon reflexes. 

Laboratory work revealed no abnormalities except in the spinal fluid which 
showed yeastlike organisms which were cultured and identified as torula. She 
continued to have headache and transient spells of nausea and pain in the neck. 
Jan, 28, 1938, a culture of the spinal fluid revealed torula. 

Since the last follow-up reported by Magruder, she returned to the outpatient 
clinie at various times complaining of backache, headache, nausea, and vomiting. 
April 29, 1940, these symptoms were accentuated, and examination revealed the 
right dise hazy and irregular in outline, with no other neurologic abnormalities 
noted. A lumbar puncture was performed with the initial pressure 160 mm. of 
water, The spinal fluid dynamics were normal, and the fluid was clear and color- 
less. The cell count was 142, with a predominance of lymphocytes. Colloidal gold 

Spinal fluid protein was 225 mg., chlorides 710 mg., and 
sugar 21 mg. per 100 ¢.c. respectively. Torula organisms were again cultured 
from the spinal fluid. She died at home, May 6, 1940, having lived three years, 


four months after the onset of symptoms. 


Comment.—Case 5 is one of torula infection of the central nervous 
system of three and one-third years, one of the longest cases on record. 
Wile reported a patient who may have had the disease seven years be- 
fore death; Levin’s patient died after five and one-half years, and 
patient in the case of Cudmore and Lisa‘ lived four years. Levin 
found the duration of the disease variable, with the majority of instances 
having one to six months of illness. In the present case torulae were 


repeatedly found on culture and smear of the spinal fluid. The patient 
received some alleviation of symptoms and returned to work tempo- 


rarily following spinal drainage. 
SUMMARY 


A brief review of torula as it affeets the human body has been given. 
Invasion of the central nervous system is most common, with an asso- 
ciated generalized form sometimes seen. Localized infections are rather 
infrequently encountered. The relationship of Hodgkin’s disease and 
torulosis in the reported cases has been noted. 

We have recorded four additional cases of torulosis. In the first, a 
case of central nervous system torulosis, the diagnosis was made at 
autopsy. In the second, a case of generalized torulosis, there were some 
central nervous system signs, in which a diagnosis of Ilodgkin’s dis- 
ease was made previously from biopsy material. In the third, a case 
of localized torulosis of the thigh, an apparent cure was effected by 
radical surgery and the internal administration of potassium. iodide. 
In the fourth, a case of central nervous system torulosis, the diagnosis 
was made by smear and culture of spinal fluid. A follow-up report of 
Magruder’s third patient who died of cerebrospinal torulosis after 
three and one-third years was also given. 


We wish to express appreciation to Dr. W. Ansell Derrick, Department of Pathology, 
for valuable aid rendered in microscopic study of the tissues. 
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A “LUCITE’’ GASTROSTOMY TUBE FOR POUCH DOGS AND 
POSSIBILITIES FOR APPLICATIONS IN MAN 


K. Atvixn Merenprino, M.D.,* anp Sipney S. Lirrow, M.D. 
MINNEAPOLIS, MINN. 
(From the Department of Surgery, University of Minnesota) 


N° SINGLE procedure has contributed as much to our knowledge of 

the physiology of gastric secretion, as has the study of gastric 
juice obtained from the isolated gastrie pouch in dogs. Since the iso- 
lation of gastric pouches by Heidenhain and Pavlov, many types of 
eannulas have been devised of various materials for the collection of 
the pouch juice. Few have been completely satisfactory. Most failures 
have been due to (1) the use of a material giving rise to tissue irrita- 
tion, (2) removal of the cannula by the experimental animal, and (3) 
seepage about the gastrostomy tube. Dragstedt and associates? * has em- 
ployed a gold plated cannula with satisfaction. 

In this laboratory different types of metals and alloys have been used 
with little suecess.*. During the past few vears, a No. 30 French rubber 
mushroom eatheter, anchored from the inside, to the lowermost costal 
cartilage has given the best results. When this method was used, a 
number of dogs pulled out the tubes. A high mortality resulted from 
attempted reinsertion of the tube, and in some dogs a second operation 

was necessary. Thomas” reported in his experience, over a period of 
eight years, that approximately one-half of their animals were lost within 
the first few weeks after operation because of cannulas coming out, being 
pulled out, or destroyed by the animal. Our own experience suggested 
a search for a more satisfactory substitute. 

‘Lucite’? was used in medicine by MeCrea,* in 1938, when he reported 
two cases in which ‘‘lucite testicles’’ were implanted into the scrotal sae. 
Examination one year later revealed no outward evidence of tissue irri- 
tation. Dennis' employs lucite drains in the surgical treatment of pyo- 
genic osteomyelitis. He observed that subcutaneous implantation of lu- 
cite in animals revealed a moderate tissue reaction. In 1948, Harmon" 
fashioned plastic cups of lucite and ** plexiglass*’ for arthroplasty of the 
hip in eases of osteoarthritis with satisfactory results. 

Lucite,* a plastic resin, is a polymerie alpha-methyl-methaerylate—a 
compound ester of acrylic type. It is unaffected by aqueous solutions of 
mineral salts of dilute alkalies. Lucite is resistant to hydrochloric acid 
and 50 per cent sulfuric acid at room temperature. It is insoluble in 
straight chain hydrocarbons, fats, oils, and waxes. 


Lucite is readily 


The researches presented here were supported by grants of the Augustus L. Searle 
Fund for Experimental Surgical Research, the Citizen’s Aid Society, and the Graduate 
School of the University of Minnesota. 

Received for publication, Sept. 10, 1943. 
*Fellow of National Cancer Institute. 
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dissolved by lower ketone and ester solvents and mixtures of aromatic 
hydrocarbons with small amounts of aleohol. 

The physical properties of lucite are: 

Specific gravity is 1.18 to 1.20. 

. The water absorption of lucite is negligible. 

. Tensile strength, 9,000 to 12,000 Ib. per square inch (approxi- 
mately the same tensile strength of cast zine; two to three times that of 
cast or drawn tin; three to four times that of cast or drawn lead’). 

4. Transverse (flexural) strength 12,000 to 14,000 lb. per square inch. 

Dd. The impact resistance and hardness are sufficient to withstand body 
strains. 

Cast lucite in the form of sheets, rods, and tubes will soften at tem- 
peratures from 190 to 240° F. It is colorless and has a high light trans- 
mission. It can be cut, molded, easily machined, drilled, and polished. 
Pieces can be cemented together by active solvents or lucite cement. Such 
joints are mechanically as strong as the material itself. 


B. 
Kig. 1.—A, Photograph of the “lucite” gastrostomy tube, with the tubular middle 


piece inserted and the rubber tubing attached. B, End-on photograph of the lucite 
gastrostomy tube with the solid middle piece inserted. 


In September of 1942, we first used a lucite gastrostomy tube in a 
pouch dog. Modifications of the original design were made until a sat- 
isfactory mechanism was found. (See Figs. 1 and 2.) 

Operative Procedure.—The dog is prepared for surgery in the routine 
manner. Intratracheal ether or intravenous sodium pentobarbital (15 
mg. per pound of body weight) is used. <A left mid-rectus incision is 
made, and the stomach is identified. A gastric pouch is fashioned from 
the greater curvature of the stomach. Approximately three quarters of 
the mucosa of the isolated gastrie pouch is then inverted by a running 
Connell suture (catgut No. 000). Following this, conduit A (see Fig. 2) 
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is inserted into the pouch. A stab wound is made through an area of 
the pouch wall away from the line of closure of the poueh. This proce- 
dure permits conduit A to be pulled through so that the inner shoulder 
f rests against the gastrieé mucosa. The Connell suture of the mucosa is 
now completed. A Murphy inverting stitch or purse-string suture is 
taken in the pouch wall about the conduit and tied. Rubber tubing, £ 


“9 
is inserted over Bi, and B is serewed into Ah (see Fig. 2). The serosa- 
to-serosa closure of the pouch is now completed with Halsted interrupted 
mattress sutures of cotton. The residual stomach is closed in a similar 
fashion. A puncture hole is then made through the omentum, and the 
eastrostomy tube is pulled through. This maneuver allows omentum to 
surround the isolated pouch. The abdominal wall, including the anterior 
rectus sheath, is now closed about the gastrostomy tube. Shoulder D 
is then serewed onto Ag until the serosal surface of the poueh is pulled 
snugly against the anterior abdominal wall (see Fig. 3). Shoulder, D, 


gastric wail 


___ -+ransversalis fascia 
- - - -- -- - transversus Fascia 

~~~ ant.rectus sheath 
rectus abdominus 


gastric wall 


Fig. 3.—A sagittal section of the abdominal wall with the lucite gastrostomy tube in 

situ. (Gray’s Human Anatomy.) 
is sutured to the anterior rectus sheath through the angulated holes, hk. 
The subeutaneous tissue and skin are closed over shoulder, D. Sulta- 
nilamide is used intraperitoneally and in the abdominal wall. An or- 
dinary spool of cotton thread, No. 40, is used exclusively in the ab- 
dominal wall closure. At the conclusion of the procedure approximately 
one-eighth ineh of conduit A extends above the skin. Postoperative 
edema causes conduit A to become immediately subcutaneous after two 
or three days. 
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The sterilization of the unassembled gastrostomy tube is accomplished 
by immersion in 1:2500 dilution of metaphen for one hour. No gross 
infection was noted in any case. MeCrea* used formaldehyde for sterili- 
zation. A 5 per cent concentration of formaldehyde U.S.P. (neutral ) 
has no effect on lucite. Harmon® used mereuric oxyeyanide (0.2 per cent 
solution) and mereurie chloride (0.1 per cent solution) for sterilization. 

We have performed eight such operations. The final gastrostomy tube 
was used in the last three dogs. These three dogs died, soon after oper- 
ation, of distemper which was epidemie¢ in the laboratory at the time. 
No death occurred incident to the use of the lucite gastrostomy tube. 
The gastrostomies were functioning well before death. 

Dogs examined at autopsy or operation revealed the tissue to have 
hugged the lucite gastrostomy tube intimately. This tissue immediately 
surrounding the tube grossly appeared to be fibrous in character. The 
gastrostomy was watertight. The inner shoulder, f, of conduit A was 
slightly blackened. This was cleaned with ease. The threads were in- 
tact and not distorted. 

This lucite gastrostomy tube has the following advantages: 

1. It cannot be removed by the dog. 

2. If the rubber tubing is pulled off it can be replaced easily without 
risk to the animal. This can be done by unscrewing the middle picce, 
B, and using the screw slot, 7, while holding the end of conduit A with 
a hemostat. This precaution should be taken because theoretically con- 
duit A would tend to unscrew off shoulder D. 

3. It is watertight. 

4. It has the advantages of lucite. 


POSSIBILITIES FOR APPLICATIONS IN| MAN 


This gastrostomy tube could be used in patients in whom a perma- 
nent gastrostomy is contemplated. The middle piece, B, with rubber 
tubing attached would be used for feeding while solid plug, C, would 
be used between feedings to prevent any leakage of gastric contents onto 
the skin. 

For use in man, the following modifications are recommended: (1) 
Increased diameter of the aperture of conduit A; (2) increased overall 
length of this conduit with attendant changes in the placement of the 
threads, length of middle piece B, ete.; (3) a wider inner shoulder f; 
(4) end of conduit A squared so that it may be easily grasped; (5) 
winged middle pieces B and C so that they may be interchanged with- 
out the aid of a mechanical device. 

We have also used this lucite tube for cystostomy in a dog to deter- 
mine its applicability for permanent cystostomy in man. The cystostomy 
tube in this animal was closed at all times by the insertion of a solid 
middle piece, C, at the time of operation. After 141 days this dog was 
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sacrificed. A stone 1 by 34 inch was found in the bladder. This caleulus 
was completely detached from the lucite tube.* 

Subsequently, a lucite screw was implanted into the urinary bladder 
of another dog. One hundred forty-one days later, the screw was re- 
covered from the bladder. It was clean, the threads were intaet, and no 
encrustations nor caleuli were present. Perhaps the insertion of the 
cystostomy tube in the first animal distorted the bladder sufficiently to 
allow urinary stasis with resultant stone formation. 

Recently, we repaired an artificially made abdominal wall defect. in 
a dog with a lucite plate. Although the lucite plate fitted well, satis- 
factory fixation to the tissues was technically difficult. A few days later 
it was necessary to reoperate upon this dog and attempt fixation again. 
Infection occurred and the plate was removed. If a satisfactory method 
of fixation can be devised, the use of a lucite plate for the repair of 
hermial defeets may prove feasible. 


CONCLUSIONS 


1. A lucite gastrostomy tube for pouch dogs has been described with a 
note concerning its possible applications in man. 

2. Lucite has physical, chemical, and workable properties satisfactory 
for use in tissues. 

3. We have been encouraged with the behavior of lucite and feel that 
in tissue defects which cannot be reconstructed satisfactorily by surgery, 
nonreactive plastic materials should be investigated to ascertain their 
value. 
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*Also, in this instance, nonabsorbable cotton sutures were used in the closure of 
the bladder. It is possible that one of the sutures sloughed into the bladder and 
formed a nucleus for the calculus found. 
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Editorial 


Use of Nonabsorbable Sulfasuxidine in Extensive Burns 
HE search for an adequate treatment of the extensive burn case has 
rivaled that of Diogenes and only during the last two decades has 
it been done in the manner of other medical researches. There is no 
doubt that Davidson, in 1925, when he suggested the use of tannic aeid, 
gave a really noteworthy stimulus to this investigation. 

The better understanding of shock in burn eases and the use of blood 
plasma have presented the surgeon with the problem of completing sue- 
cessfully the treatment of the extensive third degree burn case. Many 
of these patients have a minimum of skin for donor sites for skin graft- 
ing and require multiple grafting procedures over a considerable length 
of time. We are then confronted with the rather difficult: problem of 
keeping the burned area clean enough for skin transplantation without 
resorting, unless absolutely necessary, to the temporary use of homo- 
eratts. 

The use of any type of closed treatment with eschar formation must 
necessarily be at least a temporary postponement of the eventually neces- 
sary replacement of the destroyed skin. A better plan is a semiclosed 
method whieh can be opened at the earliest time that grafting can be 
done or when any complications arise. With this in mind, many treat- 
ments have been devised since the advent of sulfonamide therapy, all 
using sulfanilamide, sulfathiazole, or sulfadiazine as the bacteriostatic 
agent. Their value has been described by many authors. However, the 
dangers of using these drugs in the large quantities necessary in exten- 
sive burns are well known. The kidneys must exerete up to 29 per cent 
of the dose of the sulfonamides, according to Matthews, which places a 
rather severe strain on the renal function, especially one that is already 
probably taxed to the limit by the burn itself. 

With these considerations in mind, during the past year, the non- 
absorbable sulfonamide, sulfasuxidine, has been used in a series of ex- 
tensive burns as the bacteriostatic agent and has been found to facilitate 
earlier multiple grafting operations. The cases have had total third 
degree burns of from 20 to 45 per cent of the body surface according to 
Berkow’s tables. Up to 25 Gm. of sulfasuxidine have been dusted on 
the granulating areas and then a pressure dressing of borie acid oint- 
ment applied. 

Under this regime the patients have never shown any toxic effects and 
repeated blood concentrations have always been zero. Those who were 
having rather high temperatures have had noteworthy reduction in 
fever. The method has been decidedly easier on the patients than some 
treatments as the dressings are not changed for periods of from four to 
eight days. The granulation tissue has become and remained clean 
enough for multiple transplantation of large split grafts, without the loss 
of any grafts. —Charles W. Tennison, M.D. 

San Antonio, Texas 
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CONDUCTED BY ALFRED BLALOCK, M.D. 


WOUND DISRUPTION AND CATGUT ALLERGY—AN 
EXPERIMENTAL AND CLINICAL STUDY 


With A Review or THE LITERATURE 


KENNETH L. PIcKRELL, M.D., AND RicHarp C. Ciay, M.D.* 
Mp. 
(From the Department of Surgery, 
The Johns Hopkins University and Hospital, Baltimore) 


HE problem of wound disruption in abdominal surgery is entirely 

one of wound healing and has been the subject of lengthy investiga- 
gation. The first report in the American literature was that of Brehauer, ' 
who in 1899 reported 3 cases of disruption. The first comprehensive 
report was published by Madelung,? in 1905, when he reviewed 157 
‘ases including 13 which he and his associates had observed. Ries® 
gave an account of 6 cases, in 1909. In 1925, Holterman* reviewed 15 
eases Which represented an incidence of 2 per cent in a series of opera- 
tions performed. In the same year, Shipley’ described a method of 
secondary closure of disrupted wounds by the use of silver wire which 
could be tightened up over buttons. In 1931, Sokolov® published data 
on 725 eases of wound disruption he had compiled by sending out 
questionnaires to many Kuropean surgeons. 

The symposium on wound disruptions conducted by the New York 
Surgical Society, in 1933, was the most important event in drawing 
to the attention of the American surgical profession the prevalence of 
this postoperative calamity, for many surgeons had accepted dehiscence 
as an unavoidable disaster or act of God, which of necessity must occur 
in a small percentage of cases. 

Before we assume that the healing powers and the stimuli to heal 
are defective or absent, we must make certain that delayed healing is 
not due to impediments which we have put in the way. Nature works 
methodically: the removal of debris, blood clots, dead tissue, and bae- 
teria must precede actual repair. To a large degree, both the systemic 
and the local factors which may affect repair are under the surgeon’s 
control. 

FACTORS INFLUENCING WOUND HEALING 


The gross and microscopic changes coincident with wound repair are 
well known as are also many of the factors which influence them. The 
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actual reparative stimuli, which appear to be protein in nature, are 
derived from leucocytes and other tissue-wandering cells and connec- 
tive tissue.’ These have been the subject of many studies. As to the 
actual nature of the healing process, however, how and why these 
growth-promoting substances act, we know very little, except to say 
that healing appears to be a natural property of living organisms, 
which under certain optimal conditions proceeds at a definite and 
measurable pace. 

The factors which have to do with normal healing may be divided 
into those which act directly at the site of the injury, the local factors, 
and those which have an effect of a more general nature and act 
systemically. 

GENERAL FACTORS 

Malignant Disease—The effect of malignant disease in retarding 
wound healing is a common observation. Malignancy is undoubtedly 
an important factor in the etiology of disruption as evidenced by its 
frequeney of 25 per cent in the large group of cases studied by Jenkins.* 
To what extent anemia, old age, and poor nutritional state contribute 
to this observation is difficult to evaluate accurately. In the absence 
of malignaney the latter factors are also observed to influence the 
rate of healing of a wound. 

Hypoproteinemia.—The effect of protein on wound healing deserves 
special reference since it has been exhaustively studied and very defi- 
nite clinical evidence supports critical experimental work. The effect 
of protein on wound healing was suggested by experiments of 
Clark® and Harvey and co-workers,’! and recently by Thompson, 
Ravdin and ¢o-workers.'" Carrel showed that the stimulus for 


wound healing was a protein, probably an embryonie type of protein, 
not present in all tissues but apparently occurring in white blood 


cells, tissue wandering cells, and connective tissue. Clark’? found delay 
in healing in animals fed on low protein diets. Harvey and Ilowes"’ 
showed with experiments on guinea pigs that with high protein diets 
wound healing progressed about the same as with low protein diets. 
The latent period was the same; however, once fibroblastic prolifera- 
tion started it proceeded more rapidly in animals on a high protein 
diet. Thompson, Ravdin, and co-workers have demonstrated, both 
with experiments and ¢linical observations on blood proteins in wound 
healing, that when hypoproteinemia exists, wound healing is retarded 
or may even cease and that when the protein is brought up to normal 
by the use of lyophile serum, normal healing takes place. 

Howes, Sooy, and Harvey’* have demonstrated experimentally that 
there is a quiescent phase, or ‘‘lag period,’’ in the healing of a wound, 
during which time its tensile strength per se is zero. This period usu- 
ally extends from four to six days. Clark’ found that this period was 
susceptible to dietary contro] and could be reduced by a high protein 
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diet. But Harvey and Howes" contradict that statement and main- 
tain that a high protein diet, while responsible for an acceleration in 
the rate at which the wound heals, does not alter the duration of the 
initial lag period. The first five or six days of wound repair are the 
critical days. During this time, the lag period or exudative phase of 
wound repair, the stage is being set for the abrupt onset of fibroplasia. 
Necrotic¢ tissue is being liquefied and removed, bacterial contaminants 
are being dealt with, and an increasing local resistance to bacterial 
invaders is developing. The tensile strength of the wound during this 
period depends almost entirely upon the sutures and the relaxation 
obtained by rest and splinting. Rest and avoidance of unnecessary 
manipulation are therefore particularly essential to proper healing 
during the exudative phase. It is at this time, as DuMourtier’® has 
shown, that the sutured wound is more susceptible to infection. Fol- 
lowing the lag period the tensile strength of the wound rapidly in- 
creases until the maximum level is reached in from ten to fourteen 
days. Probably the most significant aspect in the healing of any wound, 
as far as the clinical application of the physiologic mechanism is con- 
cerned, is the presence of a lag period with its concomitant negligible 
tensile strength. It is obvious that during this period the wound re- 
quires support to maintain coaptation of its margins. 

Koster and Kasman,”’ in a study of serum proteins in a series of 40 
wound disruptions and 40 well-healed controls, concluded that ‘‘hypo- 
proteinemia by itself is neither a necessary nor a sufficient cause for 
wound disruption, but a poor nutritional state of which hypoprotein- 
emia is a manifestation may favor wound disruption. 

Vitamin C.—Vitamin C is intimately related to the production of 
fibrous tissue, and hence becomes an exceedingly important faetor in 
the repair of wounds. Vitamin C deficiency as a cause for disturbances 
of wound healing was suggested by Sokolov® in a study of postopera- 
tive wound disruption, when he found that wound disruption occurred 
with greater frequency during the late winter and early spring months 
and expressed the idea that this was due to vitamin deficiency since 
the patients from whom the statistics were drawn were of the northern 
European races whose vitamin C intake was much curtailed during 
winter. Subsequent experimental studies and clinical investigations by 
Lanman and Ingalls have definitely borne out Sokolov’s original sug- 
vestion, for they found that in guinea pigs placed on diets low in 
vitamin © incisions healed poorly, more slowly, and with the develop- 
ment of less tensile strength than in the normal controls. In addition, 
they observed the case of an infant with congenital atresia of the 
intestine in whom wound disruption occurred following operation. 
Tissue studies after death showed typical changes of scurvy. Taffel 
and Harvey'® conducted similar experiments and found that in seor- 
butic guinea pigs there was definite delay in the development of nor- 
mal tensile strength in healing wounds. 
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It has been pointed out that normal repair of wounds takes place 
through a process of fibroblastic proliferation of connective tissue and 
the formation of collagen. While it is true that severe malnutrition 
is in itself a deterrent to normal wound healing, it seems that vitamin 
C is a particularly important factor in this connection. Metheny’? 
gives several case reports of patients in whom delayed wound healing 
was brought about by deficiency of vitamin C, and he therefore advo- 
‘ates that undernourished patients be tested for vitamin C content of 
the blood, and where this is less than 1 me. per cent, the patient be 
given a sufficient amount of aseorbie acid to bring the blood vitamin 
to this level. Lauber and Rosenfeld" also have advanced evidence to 
prove that vitamin C deficiency results in serious interference with 
tissue regeneration and wound healing. The presence of disease, espe- 
cially of the gastrointestinal tract, often causes radical changes in the 
dietary habits and almost invariably results in improper nutrition. 
Thus, the patient who has suffered from peptic ulcer, malignancy of 
the gastrointestinal tract, or other types of cachexias and food defi- 
ciencies is the one most frequently subject to wound disruption. Such 
patients may often show low vitamin C content in the blood even 
though there are no actual signs or symptoms of scurvy. 

Other General Factors—tThere are a certain number of eeneral fae- 
tors which have a direct or indirect effect upon wound healing. Carrel 
has shown that the healing of wounds occurs at a rate inversely pro- 
portional to age, and other investigators have confirmed this observa- 


tion. We are all familiar with the delayed healing which may occur in 


the aged, but we all know also that healing does occur in the aged as 
well as in the young, and that often the disease rather than age alone 
is the more important factor. Mason'* has stated that even in acute 
starvation healing proceeds as usual unless the starvation actually 
threatens life itself. The urge to heal is almost equal to the urge to 
live, and nature will surmout all obstacles to close a wound. Certain 
diseases such as diabetes and nephritis retard healing, through what 
mechanism we cannot be certain, although we must think of hypopro- 
teinemia and anoxemia. Dehydration of even moderate degree has a 
marked depressant effect upon repair in general and experimentally. 
Anderson!” has shown it to lead to striking weakness in healing wounds. 
Distant infection is said to have a deleterious effeet upon wound heal- 
ing and this statement is supported by Carrel’s experimental work.’ 


LOCAL FACTORS 


Débridement.—It is a universally accepted surgical principle that 
foreign matter including nonviable tissue must be removed from a 
wound if normal healing is to be expected, because removal of such 
material must precede the fibroplasti¢ reaction essential to tissue union. 
Removal by leucocytes is a laborious and slow process, so the less such 
material is left in the wound by the surgeon, the less will be the delay 
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in healing. The second reason for débridement is even more impor- 
tant. Foreign material acts as a nidus for infection, as will be em- 
phasized in the subsequent discussion of nonabsorbable suture material, 
and permits bacteria to adjust to their environment and begin to grow 
before white cells gain access to them. Pickrell® has shown that if 
bacteria are introduced into the body during deep surgical anesthesia, 
they will grow uninhibited by the defenses of the body during the 
entire period of unconsciousness, and this, regardless of the amount of 
immunity possessed by the body against the bacteria. If bacteria are 
able to grow unrestrictedly during several hours, they may easily be- 
come so numerous that inflammation developing after recovery of con- 
sciousness may be unable to overcome them. 

Method of Placing Sutures——A corollary of the débridement proce- 
dure is that suturing must create as little nonviable tissue in the wound 
as possible. This necessitates using a minimum of sutures, which is 
accomplished by well-advised placing of sutures, and taking small bites 
so that the inevitable mass of strangulated tissue may be minimized. 

Electrosurgery.—The experimental and clinical work of Ellis,** Ma- 
evary,”’ Hauberrisser,*° and others has shown that wounds produced 


by electrosurgical units do not heal as well or as quickly or gain tensile 
| 


strength as rapidly as similar wounds produced by a knife. The 
necrobiotie zone produced by the current must be dealt with before 
healing can take place, and, by analogy, to a lesser degree, the same 
holds true in wounds where hemostasis has been accomplished by the 
coagulating current. The disturbance is most marked in the skin, less 
so in fat and muscle, while in brain the burn seems to heal almost as 
well as a sharp wound. 

Infectton—We may begin with the assumption that every wound, 
regardless of how it is made—operatively or accidentally—is contam- 
inated. Meleny*' has shown that even in a well-appointed operating 
room bacteria fall on a petri dish at a rate of 1 to 2 per minute and 
similar studies made elsewhere have confirmed these findings. Ives 
and Ilirsehfield?? have made cultures from clean operating rooms at 
various intervals from the time of skin incision to the time of closure 
and have found that positive cultures can be obtained from the sub- 
cutaneous tissues in practically 100 per cent. Even the peritoneum 
can be shown to be contaminated in almost 90 per cent. These wounds 
all healed by primary intention. When organisms gain entrance to 
tissues they do not at once begin to grow, but lie dormant for some 
time until they become acclimated to their new environment, and after 
this period of ineubation has passed, growth occurs, and the wound is 
infected. 

However, within the past few years, largely because of researches 
made by Meleny, Hart, Truesdale, and others, efforts are being made 
to sterilize or at least materially reduce the bacteria content of operat- 
ing room air, with reduction of postoperative infection. 
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The presence of infection has been clearly shown to hasten the dis- 
integration of catgut. Howes and Harvey** tound that the chromic 
catgut of one manufacturer showed complete loss of tensile strength 
within six days, regardless of whether it was 20- or 40-day variety. 
The rapid digestion of 20-day catgut in apparently clean disrupted 
wounds, which has frequently been observed by many surgeons, may 
be attributed in numerous instances to the presence of some degree of 
infection which was not associated with perceptible suppuration. Sup- 
purative or nonsuppurative infection may be localized to a small focus 
in a wound. If it occurs anywhere along the course of a continuous 
suture, the continuity of the catgut is lost at that point from rapid 
digestion. A disruptive force could then easily cause the remainder 
of the continuous suture to pull loose with subsequent separation. 

Infection of a wound also may cause lysis of the fascia in which the 
sutures are placed, due to bacterial enzymes. This causes sutures to 
pull loose and affects silk-closed wounds as well as gut-closed ones. 


Drainage—In the American series of disruptions one-third of the 
patients in the reported cases were drained. When the European 
cases, except those of Madelung, are also considered, it is found that 
one-sixth of the total were drained. Colp** found that the incidence 
of disruption was 1.22 per cent in a series of 1,147 cases with drainage 
as compared with 0.84 per cent in 1,603 laparotomies in which there 


was no drainage. The use of a drain usually implies the presence of 
suppuration, except in instances in which the drainage is a precau- 
tionary measure as in cholecystectomy. It is a question whether the 
presence of intraperitoneal infection is not of more significance as an 
etiologic factor than the drain itself. 

The technique of closure in the presence of a drain may influence 
the incidence of disruption to some extent. The use of a continuous 
suture would seem to be especially undesirable. The presence of intra- 
peritoneal suppuration would certainly lead to infection of the tissue 
in proximity to the drain. The continuous suture which is tied ad- 
jacent to the drain would undergo rapid digestion in the presence of 
the infection at this point, and the continuity of the suture would be 
lost long before adequate healing had occurred in the rest of the wound. 
It would appear to be safer to use a separate stab incision for drainage 
whenever this is feasible. If the separate point of drainage is not 
feasible, one should at least put in several interrupted sutures adjacent 
to a drain before beginning a continuous suture of the remainder of 
the wound. 

Strain on the Healing Wound.—The presence of postoperative com- 
plications which result in great intra-abdominal pressure has been em- 
phasized as an important factor by Glasser,*? Milbert,?° and others. 
The constant pressure from distension and the sudden force of cough- 
ing, vomiting, retching, and hiecoughing undoubtedly play an impor- 
tant role in disruption. Crying in infants puts a tremendous strain on 
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the wound. When delirious or unruly patients get out of bed shortly 
after operation, they are likely to put an undue strain on the incision. 
Attempts to restrain such patients may result in an equally severe 
strain on their wounds if they thresh about. In coming out of anes- 
thesia some patients are difficult to control. Two instances of audible 
breaking of the sutures under such circumstances have been reported 
by Ries,* and others have felt that the separation of the fascia in some 
cases undoubtedly dated back to this particular time. 

The use of an abdominal binder has not been universally accepted 
as a method of relieving the tension which may be exerted on a wound 
during convalescence. The disadvantage of limitation of respiratory 
movement has been claimed by some to overcome any advantage that 
it might have in preventing strain on the wound. Most surgeons, how- 
ever, feel that the use of a binder is a justifiable precaution either as 
a routine or in selected cases. Additional support may be obtained by 
using adhesive tape over the dressings. 

Anatomic Aspects of the Abdominal Wall.—The upper abdomen is 
most frequently approached through a rectus incision. Because of the 
preponderance of transverse fibers in the posterior sheath of the rectus, 
it is frequently found that the sutures of any type may easily pull 
through this layer, as pointed out by White.’ This is especially true 
when the patient has a thin posterior sheath or when the patient takes 
a poor inhalation anesthesia. When there is inadequate anesthesia 


this layer may be torn to shreds before the closure is completed. The 


importance of a ‘‘diffieult sew-up’’ is stressed by Grace.?* Koster and 
Kasman®’ believe that the low incidence observed in their series was 
due, to some extent, to the use of spinal anesthesia which permitted 
a more complete degree of relaxation during the closure of the wound. 

When the sutures are placed close together in the anterior sheath 
at the same distance from the edge of the incision, it has been observed 
by White?* and Ries* that the fascia may become so weakened by the 
multiple perforations that it will tear longitudinally, similar to the 
way postage stamps may be torn apart. 

On the basis of anatomie considerations the McBurney incision ap- 
pears to offer the safest approach to the abdomen even though disrup- 
tions following this incision have been mentioned by Maes, Boyee, and 
Meketridge®® and Sokolov.® 

Tension Sutures—The use of tension sutures as a supplement to a 
catgut suture has been frequently recommended, especially in instances 
when the surgeon might anticipate delay in wound healing or early 
digestion of catgut from infection. There are some features about the 
use of tension sutures in wounds closed with continuous catgut which 
deserve analysis from a purely mechanical point of view. If a tension 
suture is tied too loosely, it will not give any support to the wound 
unless the overlying fascia separates. Then its support is mainly that 
of the skin and subcutaneous tissue. It would help prevent eviscera- 
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tion but would not impede separation of the fascia. If the tension 
suture is tied too tightly, it is usually observed to cut through the skin. 
It, no doubt, cuts through the anterior sheath to some extent at the 
same time. It is not difficult to visualize the tightly tied tension suture 
also cutting through a continuous suture in the anterior sheath. If the 
tension suture is tied in such a way that it gives some support to the 
wound without falling into the category of being too tight, even then 
it may be harmful to a continuous suture in the anterior rectus sheath. 
The mechanies involved in this situation, as pointed out by Meleny and 
Howes,’ appear to be similar to a lateral pull on either side of a wire 
loop. Under such circumstances, the circle changes to an oval in shape 
with decrease in the vertical diameter, which depends on the amount 
of force exerted. The effect of lateral force on a wound would tend to 
flatten out a circular tension suture. Thus there would develop down- 
ward foree against the skin and upward force against the anterior 
sheath. Depending on the strain exerted on a wound, the tension 
suture would then be expected to cut through the skin and fascia to 
some extent. In cutting through the fascia, it would also disrupt the 
continuity of the suture in the anterior sheath. The use of U-shaped 
tension sutures instead of the circular type would not necessarily pre- 
vent it from cutting through the fascia when tied too tightly or when 
any strain is put upon the wound. Judging from these purely me- 
chanical aspects, it does not seem appropriate to use a continuous 
suture in the presence of tension sutures. If one does use tension su- 
tures with continuous catgut, it would seem preferable to put them in 
sufficiently close together so that they would constitute adequate ap- 
proximation of the wound, irrespective of the catgut. 

Surgical Knots—It has been shown that the weakest part of any 
suture or ligature which is subject to tension is the knot which secures 
the suture ends.* ** It is usually assumed that the knot that the sur- 
geon ties is faultless. If this is so, then the next weakest link is that 
portion of the suture material immediately adjacent to the knot. At 
this point the suture has been sharply kinked and some of the fibers 
fractured by sharp turns imposed by the knot. Taylor** found that a 
carefully made square knot or surgeon’s knot was reliable when tied 
with ordinary silk or linen, but when boilable plain or chromic catgut 
was used, although it held fairly well, it was by no means absolutely 
safe. He adds that these same catgut knots become completely un- 
trustworthy if immersed in either saline solution or serum before 
testing, so that they swell and become capable of stretching; yet a 
boilable catgut which has not been made adequately pliable by moisten- 
ing is very difficult to tie securely. He found that the same was true 
of the nonboilable type of catgut. When plain catgut was used, 
Taylor** had never been able to tie a square knot which would hold 
if tied wet and in the manner used in making ties under operative 
conditions. He also stressed the importance of not cutting the ends 
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too short, for even slight tension may cause the ends to slip allowing 
the entire knot to become untied. These points are of particular sig- 
nificance when a continuous suture is relied upon to maintain apposi- 
tion of the peritoneum or fascia. Jenkins® found that ‘‘It was usually 
observed that the catgut had beeome untied in the fascia rather than 
digested in the tissues. Apparently plain catgut is acted upon by the 
tissues in such a way that any knot, however carefully tied, will tend 
to loosen up in a couple of days so that the slightest tension will per- 
mit it to untie.’’ 

Size of Suture Material—Warvey" states that the suture selected 
must have adequate tensile streneth, but that this should be determined 
by the task for which it is employed and not by the physique of the 
surgeon. The foree required to occlude even major vessels is only five 
pounds, which is not in excess of the inherent streneth of the lightest 
ligature, while slipping off due to pulsation can be prevented by trans- 
fixion. Tension should be borne by large removable sutures placed 
well back and not by the suture line as was pointed out above. The fune- 
tion of sutures in the wound itself is merely to approximate tissues 
and since, as Harvey further indicates, fascia and tendon will rarely 
stand more than five pounds’ tension without tearing, while this muen 
strength is afforded by C twisted silk and 00 catgut, to use, as is often 
done, ‘‘braided silk or No. 2 catgut in approximating wounds is as 
unintelligent as mooring a rowboat with a ship’s eable.’’ 

To use large suture material and thus play safe has the dual dis- 
advantage that the foreign body acts as a nidus for infection, and that 
in the case of absorbable material, the irritating effect of the absorbing 
suture on the tissues is great, even to the point of forming sterile 
abscesses. This may defeat the purpose of the large suture, since the 
vreater tissue reaction excited by its size may produce more rapid 
digestion of the material and thus actually decrease its holding time. 

Type of Suture Material—Galen in the first century described the 
use of catgut and silk in surgery, although ancient writings indicate 
that various cords were used in ligating vessels in remote antiquity. 
In 1816, Physiek** demonstrated the superiority of catgut over flax and 
silk due to its absorbability. About 1864, Porta®s described the results 
of 600 experiments using catgut, silk, hair, and hemp as ligatures. 
Despite these early seattered experiments, research in the field really 
began with Lister,*? who in 1869 first referred to the use of antiseptic 
‘ateut. With his work, there was initiated a tremendous interest in 
surgieal suture material which still continues. As was natural, the 
trend in research was toward sterility of material with the result that 
now surgeons are assured that domestie catgut from the larger manu- 
facturers is uniformly sterile.*° 

Inadequate healing resulting in wound disruption has been deseribed 
regardless of whether wire, linen, silk, silkworm gut, or cateut was 
used. The advocates of the silk technique, as well as others, feel that 
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disruption is less likely to occur following use of silk than following 
use of catgut. Although no comparable statistics are available on this 
point, the majority of cases reported by Sokolov® were following the 
use of silk, but in Europe it is customary to use this material more 
frequently than catgut. 

Jenkins says, ‘‘In general it may be said that where nonabsorbable 
material is used, the factors influencing disruption are primarily ret- 
erable to the surgeon and his technique and the ability of the patient’s 
tissues to hold the suture material in the face of any strain on the 
wound from postoperative complications or conduct until adequate 
healing oceurs. Inherent qualities of the suture material do not enter 
into the problem to the extent which occurs in absorbable material.’’ 

Suture material causes foreign body tissue reaction because of its 
size and quantity and because of its own chemical composition. Silk 
has shown itself much less irritant than catgut and may be used in 
much finer sizes. The work of Whipple*! and Whipple and Elliot* 
has shown the superiority of its use in clean surgical work. The ex- 
periments of Howes**® on the strength of wounds sutured with catgut 
and silk have shown that the exudation reaction lasts longer with eat- 
gut, and that the full streneth of the wounds is gained somewhat 
earlier with silk than with eatgut. Fewer complications follow the 
use of silk, as has been shown by Shambaugh’s study.** He found 
twice as many serious complications and nearly ten times as many 
minor ones after the use of catgut as after silk suture. This, however, 
does not tell the whole story since the use of silk requires a different 
technique of handling tissues from catgut. Silk is finer and the strands 
are more easily broken so that the surgeon must perforce be gentler 
in handling tissues and there is less tendeney to tension on sutures. 
The knots of silk may be cut very short since they do not swell and 
untie like those of catgut. Because of this factor, less foreign material 
is left in the wound. 

When catgut is used, several factors peculiar to this suture material 
must be considered. Kraissl*? found in most brands of catgut foreign 
body inclusions and flaws possibly due to splicing the catgut, and he 
felt that these imperfections appreciably altered the rapidity of their 
loss of tensile strength as determined by digestion tests in vitro. 

Furthermore, there is no doubt that in some wounds catgut disap- 
pears very rapidly, apparently as a result of specifie reaction of the 
tissues to it. On the other hand, Jenkins® has shown that the rate of 
absorption is quite variable and does not correspond to the anticipated 
rate. The length of stay of catgut in a wound is uncertain and its 
premature absorption may lead to separation before healing is firm. 
Whatever the type of suture material used, it should be the finest in 
size that will hold the tissues in apposition. It should not have greater 
streneth than the tissues sutured, since if tension becomes too great, 
the tissues will tear through. The softening and necrosis which oceur 
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when tension develops in tightly drawn thick sutures soon render the 
tissues ineapable of holding any suture material. 

How far superior silk is to very fine catgut used in the same fashion 
we do not know, since catgut in sizes comparable to silk is not avail- 
able. However, catgut used as carefully as silk ‘‘with the silk tech- 
nique’’ gives much cleaner healing than when it is used in heavy grades 
and large quantities, as is often the ease. As Fallis*® has said, ‘‘It is 
evident that care in suturing is more important than the suture ma- 
terial used.”’ 

The most recent suggestion in regard to the effect of suture material 
upon healing has been that the patient may in some way have become 
allergic to catgut so that its presence in the recently closed wound 
results in an exudative reaction and too rapid absorption of the suture, 
allowing the wound to dehisce. This factor will be subsequently dis- 
eussed at length and experiments bearing on this point will be pre- 
sented. 

In summary then, the general factors which influence wound healing 
are malignant disease, hypoproteinemia, vitamin C, age, metabolic dis- 
eases such as diabetes and nephritis, anemia, dehydration, and distant 
infection. The local factors are débridement, method of placing su- 
tures, electrosurgery, infection, drainage, strain on the wound, the 
anatomie aspects of the abdominal wall, tension sutures, integrity of 
surgical knots, size of suture material selected, and nature of material 
in sutures and ligatures. 


THE ROLE OF CATGUT ALLERGY IN WOUND HEALING 


The question of allergic manifestations to catgut has presupposed 
that individuals could be rendered sensitive to catgut either through 
parenteral deposit of the material in the course of an earlier operation, 
through previous treatment with sheep serum, or through protein 
therapy. Reil,*S who studied the mechanism of catgut absorption from 
both a physiologic and chemical point of view, states that in the con- 
dition in which catgut exists at the time of its introduction into the 
tissues it is incapable of being absorbed or of giving off antigenie irri- 
tative substances because the proteins contained in it are exclusively 
in the stable form and consequently its colloids are almost entirely 
present as gels. Later the proteins are rendered labile by the action 
of the tissue juices and the colloids appear as sols. After the neces- 
sary conditions for absorption are fulfilled, absorption proceeds through 


the agency of the leucocytes. Their tryptic and ereptie ferments split 
the proteins in succession to peptones, polypeptides, and amino acids. 
In this process the colloidal substances become erystalloidal. ‘‘ Because 
the cleavage products with large molecules are at once further decom- 
posed, all possibility of irritation of antigenic origin may be dismissed.’ 

Although Marchesani’s experiments** indicate that no specificity ex- 
ists between sheep serum and catgut, his results are so discordant that 
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no final conclusions can be formulated from them. Two to three weeks 
after 13 guinea pigs were sensitized with sheep serum, all received, 
intraeardially or intravenously, 0.5 ¢.. to 1 ¢e¢. of a catgut extract. 
While 7 animals presented symptoms which the author interpreted as 
evidence of anaphylaxis, 6 guinea pigs gave no symptoms whatever. 
Details of the preparation or the concentration of the extract are 
lacking in the original report, except for a single statement that the 
eatzut was prepared from the dried intestine of sheep. In another 
series, 6 guinea pigs were ‘‘sensitized’’ with the cateut extract. No 
evidence, however, is presented to show that they were sensitive. 
Three weeks later the animals were given 1 ¢.c. of the extract either 
mtracardially or intravenously. There was no reaction whatever in 5 
animals, but there were symptoms suggestive of anaphylaxis in only 
1 animal, and it survived. In a third series, 12 guinea pigs were 
‘*sensitized’’ with eateut extract, and about two weeks later were 
injected with sheep serum. There was no reaction in 9 animals, but 
death in 3. Autopsies, however, were not performed. <A. similarly 
injected control series was not deseribed. <A negative result was en- 
countered in 4 of a total of 6 guinea pigs in which catgut was im- 
planted intraperitoneally, and four to six weeks later they were in- 
jected with sheep serum. Marchesani states that strands of eatgut 
buried intradermally in guinea pigs sensitized to sheep serum caused 
a greater leucocytic response than in normal guinea pigs. 

(Gratia and Gilson’ state that fragments of catgut, either plain or 
iodated, implanted intraperitoneally in guinea pigs that had been sen- 
sitized to horse serum or sheep serum or both, caused an edematous, 
hemorrhagie, and ‘‘plastique’’ reaction. Frugoni,®? however, was un- 
able to confirm this either macroscopically or microscopically. The 
former authors interpreted their results as the Arthus phenomenon 
and suggested it as a cause of postoperative adhesions. The same re- 
sult was obtained in rabbits sensitized to either horse serum, sheep 
serum, or catgut, after which a catgut emulsion, desiccated horse serum, 
and desiccated sheep serum were introduced respectively into the peri- 
toneal cavity. 

Moriconi®? was unable to demonstrate any serologic manifestations 
referable to immunity in rabbits that had been subjected to the absorp- 
tion of either plain or iodated catgut. Precipitin tests on their serum 
were completely negative. Neither was he able to produce any symp- 
toms ot general or local sensitivity in rabbits subjected to the repeated 
absorption of catgut. In a criticism of Moriconi’s work, Kraissl*® 4° 
states, ‘‘It is to be noted, however, that he was working with rabbits 
which are rather difficult to sensitize.’’ In reality, rabbits are readily 
sensitized, while guinea pigs are sensitized with difficulty but demon- 
strate anaphylaxis more readily than rabbits. 

Frugoni?' was unable to demonstrate any serologic changes in the 
serum of rabbits that had received catgut extract intravenously or eat- 
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gut implanted intraperitoneally. Precipitin tests were entirely nega- 
tive. Attempts to produce anaphylactic shock in guinea pigs that were 
sensitized with sheep serum and then injected intravenously with catgut 
extract were likewise negative, as had been shown previously by Mori- 
eoni.*? Attempts to produce anaphylactic shock by the intravenous in- 
jection of sheep serum in guinea pigs that had catgut implanted in the 
peritoneal cavity 60 days previously were completely unsuccessful. 
Frugoni obtained identical reactions, both macroscopically and micro- 
seopically, when catgut was implanted intraperitoneally in control rab- 
bits, in rabbits sensitized with sheep serum, and in those having been 
previously treated with catgut. The wounds healed per primam and 
there was no increased local reaction. His results were so completely 
negative that he ruled out any antigenic action of eatgut. 

Babcock®® studied the macroscopic reactions of plain and chromic 
eatgut and other suture material (silk, horse hair, dermal sutures, silver 
and alloy steel wire) by implanting small sections of these in the steri- 
lized skins of 120 normal patients. Inasmuch as all materials in every 
patient presented a reaction with the same characteristics, limited to the 
site of the implantation, but some to a lesser degree, this does not prove 
that the reactions were allergic or anaphylactic in character. 

Tripp’? reports the case of a patient who developed asthma while 
convalescing from a second operation in which chromie catgut had 
been used. It is not stated what suture material had been employed 
in the first operation five years previously. The asthma, however, 
totally disappeared after a few weeks. He reports this as a case of 
catgut sensitivity, and yet no tests were made to confirm his assumption. 

Kraissl* states, ‘‘It is possible to sensitize guinea pigs to catgut and 
to produce disruptions of laparotomies sutured with this material.’’ 
Guinea pigs were used because ‘‘rabbits are rather difficult to sensi- 
tize.’’ It is a well-known fact that tissue sensitivity can be produced 
more easily in rabbits than in other laboratory animals. On the other 
hand, typical anaphylactic shock can be more readily induced in the 
guinea pig than in other animals. ‘‘ Nineteen guinea pigs were sensi- 
tized with plain and chromic catgut. This was done with intraperi- 
toneal injections of a colloidal suspension, by burying catgut itself sub- 
cutaneously, and by closing abdominal laparotomies with catgut. In 
addition one was sensitized by intracardiae injection and another by 
repeated intradermal injections.’’ Intradermal injections of approxi- 
mately 0.1 ¢.. of catgut extract containing 0.13 mg. per cent total 
nitrogen was used to determine sensitivity. Laparotomy incisions were 
closed with through-and-through bolt sutures of plain and chromic 
catgut. Six of the 19 incisions disrupted, 3 being sewed with plain 
eatgut and 3 with chromic catgut; 1 of each being sensitized to the 
other type of catgut. Only 3 had positive skin tests, although data are 
lacking describing the appearance of a positive test. Five incisions 
disrupted between the second and fourth postoperative days, and 1 on 
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the eighth postoperative day, and 4 healed abnormally. None of the 
incisions in 6 control guinea pigs disrupted, but 1 healed abnormally. 

From this experiment several sources of criticism are readily dis- 
cernible. No mention is made of any aseptic technique employed 
during the execution of the laparotomies. That the incisions were 
infected is obvious from the photographs which are submitted as evi- 
dence of disruption. No mention is made of the appearance of the 
wounds prior to disruption. Secondary closures were apparently not 
attempted. No attempt was made to produce anaphylactic shock in 
the sensitized animals, neither were any serologic tests performed to 
test for the formation of precipitins.*° 

In a later study,°® which includes the experiment previously de- 
scribed, Kraissl found that of 28 guinea pigs sensitized to plain cat- 
gut, 10 disrupted their incisions: 1 on the first postoperative day, 2 on 
the second, 1 on the third, 4 on the fourth, 1 on the seventh, and 1 on 
the eighth postoperative day. Nine healed abnormally, while 9 healed 
normally. In a group of 16 guinea pigs sensitized to chromic catgut, 
5 disrupted between the second and sixth postoperative day, 4 healed 
abnormally, and 7 healed normally. Of 8 animals sensitized to chromic 
acid, 2 disrupted and 3 healed abnormally, while of 26 controls only 
1 healed abnormally. 

Langston,®’ impressed with the frequency of poor healing in third 
stage thoracoplasty wounds among persons with wounds closed with 
catgut in two previous stages, prepared a catgut extract with which he 
performed skin tests. Twelve per cent of the surgical patients had 
positive cutaneous tests, although the only description of a positive test 
is that it was maximal in fifteen to twenty minutes and faded after forty- 
five minues. After two thoracoplasties using catgut, 70 per cent of the 
persons tested had positive skin tests. The evidence of catgut sensitivity 
is rendered inconclusive, however, by failure of attempts to demonstrate 
passive transfer of sensitivity and absence of precipitins from blood 
serum and wound fluid in ‘‘sensitive’’ persons. 

Catgut consists of the submucosa of the small intestine of sheep. In 
its manufacture, the intestine is split longitudinally usually into three 
strips. The mucosa is then scraped off from the inner side, then the 
serosa and the two muscular layers are scraped off from the outer side, 
thus leaving only the submucosa. The strips of submucosa are then 
subjected to alkaline baths for the purpose of neutralizing any acid 
or toxie substance which may have been embedded in them as a result 
of the digestive process. Titration tests are then applied to prove that 
the tissue is neutral in reaction. The strips of submucosa are then 
spun into a cord ealled catgut, which is chemically pure collagen. <Ac- 
cording to Bodansky,”* connective tissue contains about 60 per cent water 
and 40 per cent solids. Of the latter, about 0.5 per cent consists of inor- 
ganic matter. The principal organic constituent of fibrous tissue is the 
albuminoid collagen, which composes about 32 per cent of the tissue, the 
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remaining 6.7 per cent being made of elastin, an albuminoid, ether 
soluble lipids, and nonprotein constituents. Upon hydrolysis, eollagen 
is transformed into gelatin, which is interesting because of the ecom- 
plete absence of three amino acids, tryptophan, cystine, and tyrosine. 
A fourth amino acid, histidine, is present only in exceedingly small 
amounts.°* Ziegler and Clark®® state that the x-ray diffraction pattern 
of the catgut ligature is quite similar to that of gelatin and collagen. 
Gelatin, in so far as these authors are aware, does not give typical im- 
munologie reactions. Silk, silkworm gut, women’s hair, and horse’s hair 
contain much cystine and elycocol.** 

Human tissues absorb catgut by means of tryptie ferments of leuco- 
cytie origin. These ferments do not leave intact any albuminoid 
residue which could act in an antigeni¢ capacity, as has been shown by 
Reil.*® After catgut is rendered soluble, it is no longer collagen but 
amino acid. Frugoni®' demonstrated by chemical analysis that the 
substances present in a catgut extract are not albumins but albumoses 
which are without antigenic power and, therefore, incapable of causing 
sensitization. 
EXPERIMENTAL STUDIES 


The present experiments* were carried out in order to determine 
whether domestic catgut could produce any evidence of sensitivity, either 
general or local, in either rabbits or guinea pigs. It was decided at the 
outset to use a standard brand of boilable catgut, selected at random 
for the surgical supply rooms of the Johns Hopkins Hospital. 

Sixty rabbits and 80 guinea pigs have been used in the experiments 
here reported. In the first experiment, 12 rabbits and 12 guinea pigs 
were subjected to six implants of plain catgut at intervals of one month. 
The procedure was as follows. The day prior to operation the entire 
abdomen and flanks of the animal were clipped and shaved. Under ether 
anesthesia, a wide operative field was cleaned with ether, iodine, and 
aleohol, after which the operative field was appropriately draped with 
sterile towels. Rigid asepsis was observed throughout. The instruments 
and ampoules of catgut were sterilized by boiling for 10 minutes. A para- 
median incision 3 to 4 em. in length was made through the skin and 
subeutaneous tissue. The muscle was then divided by blunt dissection, 
and the peritoneum opened the full length of the incision. The catgut 
before its insertion was softened in physiologie salt solution. A continu- 
ous suture of plain No. 0 catgut was used to close the peritoneum. In- 
terrupted sutures of No. 0 catgut were used to close the muscle and skin 
respectively. Square knots were tied and cut moderately close. Every 
effort was made to reproduce the technique employed in the operating 
room, except for the fact that no gauze dressing was applied over the 
incision. Occasionally, however, the incision was sealed with collodion. 
One month later, the same process was repeated, using the back of the 


*Some of these experiments were previously published in the Bulletin of the Johns 
Hopkins Hospital® with whose permission they are here presented. 
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animal. Here, likewise, a paramedian incision was made, and earried 
down through the heavy musculature of the back. The muscle and 
fascia were approximated with interrupted sutures of plain No. 0 
eatgut, the skin edges being closed on six occasions at intervals of one 
month, alternating the abdomen with the back for the operative site. 

The second experiment, using 12 rabbits and 12 guinea pigs, was 
similar to the one above except for the fact that chromic No. 0 catgut 
of the sizes indicated was employed. 

Lest it be said that an insufficient quantity of catgut had been im- 
planted in the previous experiments, even though an amount equivalent 
to that employed in routine surgical procedures was used, a third experi- 
ment was performed in which, instead of simply making incisions and 
closing them with plain or chromic catgut respectively, in the present 
experiment two or three strands of catgut 3 to 4 em. in length were 
buried either intramuscularly in the back or subcutaneously in the ab- 
dominal wall. In 6 rabbits and 6 guinea pigs, two or three strands of 
plain No. 1 catgut were buried on six occasions at intervals of one month 
beginning with the back and alternating with the abdomen. The in- 
cisions were closed with interrupted sutures of plain No. 0 catgut. A 
similar number of animals was subjected to the absorption of two or 
three strands of No. 1 chromie catgut at intervals, 30 days for one month. 
The incisions were closed with chromic catgut in the manner previously 
outlined. Where plain catgut was buried, plain catgut was used to close 
the wounds and vice versa. 


RESULTS 


In both rabbits and guinea pigs using either plain or chromie catgut, 
the incision in every instance healed per primam following each opera- 
tion. There was no evidence whatever of any increased local reaction 
as compared with normals. There were no disruptions, no infections, 
and no evidence of either local or general sensitivity. Prior to each 
operation in the rabbits, precipitin tests for antibody production were 
carried out. In addition, intradermal tests in both rabbits and guinea 
pigs with suitable controls were performed, by injecting 0.1 ¢.c. of a 
catgut extract. These, also, were completely negative. 

The catgut extract was made in the following manner. Ten skeins 
of plain No. 3 catgut were pulverized by grinding in an Arabian coffee 
grinder. After placing the catgut powder in a heavy liter bottle, 500 
c.c. of sterile physiologic saline solution and pyrex chips were added. 
The container was then placed in a mechanical shaker for 4 hours. 
This yielded a colloidal suspension of catgut particles in a saline 
vehicle. The suspension was then placed in a vacuum dryer; 0.1 Gm. 
of the powder thus obtained was placed in glass ampoules covered 
with xylene and the ampoules sealed in a flame. The tubes were then 
autoclaved under oil for one hour. This is the process generally em- 
ployed by manufacturers in the sterilization of catgut. Using sterile 
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technique, the tops of the ampoules were then removed and a cotton 


plug inserted, thus allowing the xylene to evaporate. This completed, 


5 @.e. of sterile physiologic saline solution were then added to each 


tube. This dissolved the greater portion of the catgut powder. 


The 


resulting clear, sterile supernatant fluid was then withdrawn and 


placed in sterile serum bottles or tubes. 


Total nitrogen determinations 


by the micro-Kjeldahl method revealed not less than 50 mg. per cent 


of this element. 


In another experiment, 3 rabbits had three strands of sterile, chemi- 
‘ally pure catgut implanted intramuscularly in the back on three ocea- 
sions at intervals of one month; 3 rabbits had 10 to 12 gr. of chemically 
pure powdered catgut deposited in the peritoneal cavity on three ocea- 
sions at monthly intervals through an incision 4 to 5 em. in length; 3 
had 10 to 12 gr. of powdered commercial plain catgut implanted in a 
similar manner; 3 had 10 to 12 gr. of powdered chromic catgut im- 
planted intraperitoneally; 3 rabbits had a skein of plain No. 0 catgut 
buried intraperitoneally on three successive months, and 3 rabbits had 
a skein of No. 0 chromic catgut implanted intraperitoneally on three 


oc@asions. 


In each instance, the incision was closed in layers with 
interrupted sutures, No. 0 catgut, of the type implanted. 


Never was there any evidence of either a local or general reaction, 
and the incisions in each instance healed per primam. It was interest- 
ing to find that at the end of a month no evidence whatever could be 
found of the plain catgut or the chemically pure catgut, regardless 


of the form in which it was deposited. 


In those animals that received 


the skein of chromic catgut, on only two occasions was it possible to 


find any vestige of the skein. 


In these the remnants were found with 


difficulty as a tiny white mass embedded in the gastrocolie omentum. 
Microscopic section revealed these to be almost solid masses of leucocytes 
and macrophages, and it was impossible to identify anything dis- 


cernible as catgut. 


Inasmuch as no trace of the catgut could be found 


after one month, the peritoneal cavities were examined thereafter in 


10 to 12 days after the second catgut implant. 


At this time the pow- 


dered catgut could be recognized as minute flecks on the surface of the 


intestine which was slightly reddened. 


The reaction, however, was no 


more marked than that found in 3 similarly treated control animals. 
The animals in which the skein of catgut had been deposited, either 
plain or chromic, showed even less reaction, limited to the immediate 
vicinity of the catgut implant, i.e., either between loops of small intes- 


tine or in the gastrocolie ligament. 


The plain catgut was found as a 


mass of rather friable white material, while the contours of the chromic 
skeins were still well differentiated, and the strands still bore con- 
siderable tensile strength. By the end of the third week only traces of 
the powdered catgut could be found between the loops of adherent 
intestine and there was no longer any reaction whatever. It should be 


made clear that there were no adhesions but simply a coherence be- 
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tween adjacent loops of intestine, and limited only to the site of the 
eatgut implant. The skeins of plain catgut presented the same appear- 
ance except for being considerably smaller in size than after the 
second week. The chromic catgut skeins at the end of the third week 
appeared as a mass of friable white material. And as was previously 
stated, at the end of four weeks no trace whatever of the plain catgut 
eould be found, while in 2 instances remnants of chromic catgut skeins 
were recognized as tiny, white friable masses. 

One month after the third deposit of catgut, the peritoneal cavities 
were again examined. Numerous friable adhesions between adjacent 
loops of bowel were found limited to the site of the catgut deposits. 
Although some of the animals have been sacrificed in the interim, 6 of 
the rabbits are still living and appear perfectly normal more than a 
year after the last catgut had been implanted. Hence, we are unable 
to confirm the supposition of Gratia and Gilson®® that catgut causes 
any more adhesions than other suture materials, or that catgut is a 
prominent cause of postoperative adhesions. Precipitin tests per- 
formed at monthly intervals on the serum of the rabbits for antibody 
production were entirely negative. Intradermal tests for local sensi- 
tivity were also negative. 

To test for anaphylaxis, 42 guinea pigs were used. Twelve were in- 
jected intravenously in the jugular vein with 1 ¢.c. of our catgut 
extract ; 12 were injected intravenously with 1 ¢.c. of Kraissl’s extract 
of plain catgut;* and 12 were injected intravenously with 1 ¢.c. of 
Kraissl’s chromic catgut extract ;* 6 guinea pigs were used as controls 
in which saline solution was injected. After three to four weeks, all 
animals were again injected intravenously with 1 ¢.c. of the prescribed 
extract. For the intravenous injections, the jugular vein was exposed 
without anesthesia, extreme caution being exercised to avoid bleeding. 
Not a single reaction was encountered. 

To determine conclusively whether any increased local reaction oc- 
curred around a single intradermal strand of catgut in animals sub- 
mitted to the previous absorption of catgut, either plain or chromic, 6 
rabbits and 6 guinea pigs had laparotomies performed and two or three 
strands of plain No. 0 catgut buried subcutaneously. The incision was 
closed in layers using plain No. 0 catgut. Six rabbits and 6 guinea 
pigs were similarly treated burying two or three strands of chromic 
eatgut. Three rabbits and 3 guinea pigs were injected intravenously 
with 1 ¢.c. of the catgut extract. After one month, using rigid asepsis, 
a strand of either No. 0 or 00 catgut about 2 em. in length was inserted 
intracutaneously, using an atraumatic needle, in each flank. In those 
animals in which plain catgut had been previously buried, the intra- 
dermal implant was likewise of plain catgut, and vice versa. The sites 
of implant were observed macroscopically at the end of 24 to 48 hours 
respectively, and the sections of skin containing the catgut implant 


*Pxtracts furnished by Dr. C, J. Kraissl, 
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were removed for microscopic study. The same procedure was per- 
formed in 6 normal guinea pigs and 6 normal rabbits. 

The site of the catgut implant was always discernible as a small 
erythematous streak. Never was there any greater macroscopic reac- 
tion in those animals that had previously been treated with eatgut than 
in untreated controls. Microscopie sections revealed in both the pre- 
viously treated and the normal controls a positive chemotactic leuco- 
eytic response, but in no instance was the leucoeytie emigration greater 
in the rabbits or guinea pigs which had been previously treated with 
catgut as compared with normal control animals. (See Figs. 1 to 6.) 


DISRUPTION OF ABDOMINAL WOUNDS 


There has been no unanimity of opinion as to what roles the various 
factors influencing wound healing play in disruption of abdominal 
wounds. The following is a summary of the opinions of the authors who 
have studied the problems. 

Freeman® believes that the primary cause is insecure peritoneal 
closure, permitting the edematous omentum to act as a wedge and pro- 
duce separation of the peritoneum and then of the muscle and fascia. 
Starr and Nason® also believe the omental wedge to be the primary 
cause, but they list several factors which they believe important in con- 
tributing to disruption, namely, carcinoma, retching and _ straining, 
hyperventilation, and increased intra-abdominal pressure. Sokolov,® 
after a study of 725 cases reported by 187 surgeons, reached the con- 
elusion that since disruption of wounds seemed to be more frequent in 
the early part of the year, it was to be explained on the basis of gen- 
eral fatigue and relative vitamin C deficiency during the winter 
months. He found that even the use of silk in place of catgut does not 
prevent wound disruption. He states: ‘‘The principal causative fac- 
tor is always the patient’s tissue qualities and their reduced tonus as 
affected by the disease.’’ Erdmann® ascribes disruption of wounds to 
‘tissue hunger’’ with resulting rapid digestion and absorption of cat- 
gut. He has noted the condition chiefly in cases of anemia due to such 
things as tuberculosis, carcinoma, hemorrhage, infections, and malig- 
nancies of the female pelvie organs. Meleny and Howes*! stressed the 
faet that care in suturing must be concentrated on the peritoneum and 
posterior sheath, together with the use of retention sutures. Colp** 
believes that the crux of the problem rests in the failure of the regener- 
ative powers of the tissues to promote firm healing. He states: ‘‘The 
primary disease undoubtedly is the most important feature underlying 
the etiology of wound rupture. While it is true that rupture of the 
abdominal wall may occur in any disease affecting the peritoneum and 
its contents, it appears to be associated more frequently with some 
diseases than with others. It would seem logical to suppose that ill- 
nesses of a protracted nature attended by emaciation, anemia, cachexia, 
and weakness, and those of acute and chronic intoxications associated 
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Fig. 1.—Microscopic section of strand of plain No. 1 catgut implanted subcutane- 
ously into the back of a rabbit 48 hours previously. The catgut was inserted with 
an atraumatic needle using sterile technique. There is beginning leucocytic prolifera- 
tion in response to the implantation of a foreign body. 

Fig. 2.—Microscopic section of strand of plain No. 1 catgut implanted 5 days 
previously into the back of a rabbit. The leucocytic response is marked, filling the 
dead space caused by the needle. Leucocytes have begun to invade the twisted strand 
of catgut. 

Fig. 3.—Photomicrograph of strand of catgut buried 12 days previously. The 
leucocytic response has subsided considerably but the leucocytes have invaded the 
interior of the strand which is now beginning to fragment. The catgut strand at 
this stage still possesses considerable tensile strength. 

Fig. 4.—Microscopic section of strand of catgut implanted 21 days previously. The 
invading leucocytes together with their tryptic and eryptic ferments have caused 
complete fragmentation and partial digestion of the catgut strand. At this stage 
the strand of catgut possesses no tensile strength. 

Fig. 5.—Photomicrograph of catgut strand buried 30 days previously. It has un- 
dergone complete digestion. The leucocytic response is still marked. 

Fig. 6.—Microscopic section taken at the level of catgut implant 40 days previously. 
The catgut strand has been completely digested, the leucocytic response is disappear- 
ing, and the tissues are approaching normal. 
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with long bouts of temperature, might devitalize the individual suffi- 
ciently to interfere with the reparative powers of the tissues and 
wound healing. Malignant tumors with their undeniable debilitating 
effect on the body are responsible for most wound disruptions. Cer- 
tain benign growths like uterine fibroids are often attended with harm- 
ful systemic affections, particularly secondary anemia, definitely im- 
pairing proper metabolism.’’ 

White*’ says that predisposing causes are senility, deerepitude, malig- 
nancy, jaundice, and a peculiar body tissue function that dissolves 
eatgut earlier than usual. Also, that the exciting causes are constant 
coughing, hiccoughing, straining, distension, undue abdominal strain, 
and infection. Heyd** recommends as preventive measures (a) com- 
plete hemostasis of the wound; (b) relaxation of the abdominal walls 
when closure is being made; (¢) avoidance of undue trauma; (d) elimi- 
nation of dead space which favors collection of serum; (e) absolutely 
aseptic technique; and (f) accurate coaptation of the peritoneum. 
Harvey believes that the constitutional or general condition of the 
patient, such as the presence of malnutrition, and particularly anemia, 
may lead to weakening of the wound. He ascribes three essential 
reasons for disruption of wounds: (1) failure to close properly the 
posterior rectus sheath; (2) the presence of foreign material in the 
wound, including infection or accumulation of serum in dead spaces 
as a result of inaccurate apposition of the tissues; and (3) the use of 
too large sized catgut in too large a quantity, which thus acts as for- 
eign material. Baldwin’ stresses the importance in any abdominal 
ease of re-enforcing the dressings by a seultetus or many-tailed binder 
applied snugly around the abdomen. He also points out the value of 
using stay sutures, which he advocates leaving in place long enough 
to prolong the period of maintenance of tissue holding, and thus insure 
firm union. He frankly admits that he encountered wound disruption 
when he removed the stay sutures after 7 days; also when the sutures 
were removed after 10 days, and again when he removed the sutures 
at the end of 12 days. Ilowever, he then adopted the policy of leaving 
the stay sutures in place for 14 full days and supporting the abdomen 
by a firm many-tailed binder so that it can be properly adjusted and 
there will be no slipping. Even after the removal of the stay sutures 
at the end of 2 weeks, the abdominal binder is reapplied and kept in 
place for another week. During more than 35 years since adopting 
this technique and during which period he has performed 16,465 ab- 
dominal operations, not one of these patients of Baldwin’s developed 
wound disruption or postoperative hernias. 

Singleton®’ recommends the use of a modified Sloan transverse in- 
cision in the upper abdomen, because it is anatomic in that no impor- 
tant nerves or blood vessels are cut and the muscles and fascia are 
separated in the direction of their fibers. Such a wound, he states, 
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may be closed without tension; and in a series of nearly 300 operations 
in which he has used this technique, there have been no disruptions 
and no postoperative hernias. Maes, Boyee, and MeFetridge®’ state 
that regardless of age, sex, personal equation, operative risk, under- 
lying pathology, anesthesia, or any similar consideration, wound dis- 
ruption oceurs in all cases because of one fundamental consideration : 
some interference with the process of wound healing. They conclude 
that rupture is possible with any type of suture material and in any 
type of closure. They believe that catgut used with the ‘‘silk tech- 
nique’’ is as safe as silk, and they question the wisdom of advising 
the general use of silk. Milbert®® reviewed 1,560 laparotomies to de- 
termine the incidence of disruption of abdominal wounds. Te found 
20 cases of partial or complete separation of the abdominal wall in the 
fourth, fifth, and sixth decades of life. Its incidence was especially 
high in cases of chronie infection and eases of malignaney with cachexia 
and anemia. Of the 20 cases of disruption, drainage was established 
in 9. He emphasizes the importance of intra-abdominal pressure as a 
causative factor in wound disruption, especially the constant or ex- 
plosive type of increased intra-abdominal pressure which is associated 
with coughing. He coneludes that dehydration, malnutrition, and 
obesity favor the disruption of wounds, and emphasizes the importance 
at operation of strict asepsis, limitation of tissue trauma to the min- 
imum, and accurate approximation of the severed tissues. He states 
that the anesthesia must give sufficient relaxation of the muscles to 
permit good closure. Abdominal binders should be used as their bene- 
fits overbalance their disadvantages. 

Over a period of six consecutive years in which spinal anesthesia 
was used for more than 7,800 laparotomies, Koster and Kasman?*’ en- 
countered wound disruption in only 0.22 per cent of their cases. <All 
wounds were closed with continuous sutures, No. 2 plain catgut for 
the peritoneum and No. 2 chromic catgut for the fascia, the muscle 
not being sutured separately. They find that spinal anesthesia affords 
maximal relaxation of the tissues, and thereby facilitates the operative 
procedure so that the tissues receive the least amount of trauma. These 
authors conclude that (1) abdominal operations should be performed 
aseptically with maximum wall relaxation; (2) undue trauma should 
be avoided; (3) complete hemostasis should be attained; (4) accurate 
coaptation of the layers of the wall without dead space should be 
secured; (5) postoperative disruptive forces, as cough, vomiting, and 
hiecough, should be strenuously combated; (6) wounds should be in- 
spected for a possible subcutaneous separation particularly before the 
sutures are removed. The attention given these details will affect 
the incidence of disruption. Jenkins* has pointed out that the inherent 
weakness of the posterior sheath and the prevalent use of plain catgut, 
which lasts only five to six days under any condition, for closure of 
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this layer, are undoubtedly factors which are responsible for the fre- 
queney of disruption in the upper abdomen in the American eases. 
He also states that disruptions have been found to occur regardless of 
whether wire, linen, silk, silkworm, or catgut is used. 

Kraiss| and co-workers*® analyzed 30 cases in which the patients 
survived wound disruption at the Presbyterian Hospital since 1930. 
No mention is made of wound disruptions occurring in cases in which 
silk or other suture materials were used. Of these 30 cases, 24 wounds 
were infected, and only 4 were not complicated by distention, cough, 
hieecough, pneumonia, vomiting, acute intestinal obstruction, ete. Kraissl 
states that ‘‘a history of allergy or a previous operation increases the 
likelihood of an individual being sensitive to eatgut.’’ ‘‘All 5 eases 
which gave a history of allergy showed a positive skin test to one or 
more of the extracts,’’ ie., plain, chromic, or chromic acid extract. 
‘““Twelve of the whole group had a previous operation and 7 of these 
gave a positive reaction. Of the 18 which gave no history of operation, 
12 had a positive skin test indicating that this factor was of little im- 
portance in this group. However, it may be possible that the reaction 
to the catgut causing the disruption may have desensitized the indi- 
vidual resulting in a negative response to the skin test.’’ 


WOUND DISRUPTION AT THE JOHNS HOPKINS HOSPITAL 


Thirty-five cases of abdominal wound disruption have occurred on 
the surgical, gynecological and obstetrical services of the Johns Hop- 
kins Hospital since January, 1937, a period of almost 7 years. Catgut 
was used for closure in 14 eases, silk in 19 eases, and steel wire in 2 
eases. It should be made clear that this proportion is in no way repre- 
sentative of the usage of either type of suture material in this institu- 
tion, for silk is used almost exclusively on the surgical service, while 
eatgut is preferred on the gynecological and obstetrical services. Of 
these 35 cases of abdominal wound disruption, 8 had a previous ab- 
dominal operation, 7 of which had been performed in this hospital, 
catgut being used for closure in 4 instances and silk in 3 cases. The 
interval between the first and the second operation varied between 3 
and 15 years. Wound healing at the time of the first operation is said 
to have proceeded in a normal manner. Only 9 of the 35 patients in 
whom wound disruption occurred are said to have been in good physi- 
eal condition at the time of operation. There was gross contamination 
of the peritoneal cavity in 29 instances at the time of the original oper- 
ation, and of these, the wounds in 15 cases were grossly infected at 
the time of the disruption. The main causative organism was Bacillus 
coli, Drainage was established in 6 cases, and retention sutures were 
employed in 16 cases. The age of the patients ranged between 20 and 
80 years; 22 cases (63 per cent) occurring in patients over 50 years of 
age (see Table I). 
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TABLE I 


YEARS | YEARS | YEARS | YEARS | YEARS | YEARS 
20-29 | 30-39 | 40-49 | 50-59 | 60-69 70-79 
Number of disruptions 6 3 q 9 11 2 35 


AGE PERIOD TOTAL 


The greatest number of disruptions occurred following gastric resec- 
tion for malignant disease of the stomach and duodenum, and follow- 
ing pelvic operations, including cesarean section. The 6 patients in 
whom disruption occurred (in patients under 30 years of age) were 
operated upon following gunshot wounds of the abdomen or cesarean 
section (see Table IT). 

TABLE II 


PRIMARY DISEASE DISRUPTIONS 


Malignant disease of stomach and duodenum 
Benign ulcers of stomach and duodenum 
Pelvic operation including cesarean section 
Gunshot wounds of abdomen 

Intestinal obstruction 

Carcinoma of pancreas 

Exploration of common duct 

Diverticulitis of colon 

Omentopexy for cirrhosis 

Neoplasm of large intestine 


DO bo 


In our series of 35 cases, 16 instances of abdominal wound disruption 
occurred on the seventh postoperative day, 7 cases each on the sixth 
and eighth postoperative day respectively, making a total of 30 cases 
(85 per cent) in which disruption occurred in the quiescent phase or 
“lag period’’—extending to the eighth postoperative day (see Table 
III). These observations confirm those of Harvey and Howes" who 
found that the first 6 or 7 days of wound repair were the critical days. 


TABLE IIL 


POSTOPERATIVE DAY 
OF WOUND DISRUPTION 


Number of cases | 1 2 j 7 1 1 35 


4TH | 5TH | 6TH 7TH 8TH | 12TH | 13TH | TOTAL 


Incisions.—As evidence that disruption occurs through various types 
of incisions, 10 disruptions occurred through a lower midline incision, 
8 through the upper midline, 9 through a right rectus, 7 through a left 
rectus, and 1 through a subcostal transverse incision. In 21 instances, 
the peritoneum or posterior sheath of the rectus was closed with con- 
tinuous sutures of catgut. As stated previously, there was gross con- 
tamination of the peritoneal cavity in 29 instances, and 15 were grossly 
infected at the time of the disruption. Drainage was established in 6 
cases and retention sutures were employed in 16. 


Anesthesia.—Gas-oxygen-ether anesthesia was used in the primary 
operation in 27 patients, spinal anesthesia being used in 6 patients, 
while sodium pentothal and local infiltration of procaine were each 
used in a single case. 
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Secondary Closure-—Secondary closure of the disrupted wound was 
performed as soon as possible after the disruption. Except in 4 in- 
stances, catgut supplemented with retention sutures was used for the 
secondary closure. Death occurred as a result of the disruption in 
only 2 instances, and 1 of these patients died with generalized peri- 
tonitis, the causative factor in the disruption of the wound. 


CLINICAL STUDIES 


We have had an opportunity to test for local catgut sensitivity in 
each of these 35 cases of abdominal wound disruption within a rela- 
tively short period after the disruption took place, regardless of the 
suture material used either in the operation or for closure of the ab- 
dominal wall. In 10 of the 19 cases in which silk was used for closure 
of the abduminal wall, catgut was used in some phase of the operation. 
Each patient was injected intradermally on the volar surface of the 
forearm with 0.1 ¢.c. of Kraissl’s plain and chromic catgut extracts. 
Similar quantities of extract diluted 1 to 10 were injected intracu- 
taneously in the opposite forearm. The tests, performed within a short 
period after the disruption, were negative. Furthermore, we have 
tested 100 patients preoperatively in a similar manner, likewise with 
negative results. The sites of inoculation were observed constantly for 
two hours and at daily intervals for several days. These same patients 
were again tested 3 to 4 weeks after operation, when it was assumed 
that the greater part of the catgut had been absorbed. These tests 
were completely negative. 


From our analysis and a careful review of the literature, one can 
definitely state that disruptions occur regardless of the suture material 
used. Disruption in each instance was due to the markedly increased 
intra-abdominal pressure, either of the constant type resulting from 
ileus, peritonitis, ete., or more especially from the violent explosive 
type caused by sneezing, coughing, hiccoughing, vomiting, retching, or 
straining. There was no evidence whatever of any increased local or 
general reaction. Disruption in 5 instances, in conjunction with the 
increased intra-abdominal pressure, might possibly have been due to 
insecure peritoneal closure, permitting the omentum or a loop of in- 
testine to act as a wedge producing separation of the peritoneum and 
then of the muscle and fascia. It seems not unlikely that even in these 
5 instances had not the increased intra-abdominal pressure been pres- 
ent, the omentum would never have herniated, and disruption would 
not have oeeurred. Although nonabsorbable retention sutures will not 
necessarily prevent disruption, they will give added support, and will 
prevent evisceration. 


In not a single instance was there anything to suggest an increased 
local or general reaction. Inasmuch as the secondary closures were 
performed with catgut, supplemented with retention sutures, except 
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in 4 instanees, and with healing proceeding in a normal fashion, one 
ean disregard the supposition of catgut allergy as a cause of postoper- 
ative wound disruption. 


CONCLUSIONS 


From a consideration of the experiments performed, the cases of 
wound disruption analyzed, and the literature reviewed, one arrives 
at certain conclusions: (1) It was impossible for us to sensitize either 
guinea pigs or rabbits to commercial catgut or to an extract prepared 
from eatgut. (2) No evidence of either local sensitivity or general 
reactions could be elicited in guinea pigs or rabbits subjected to the 
previous absorption of catgut. (3) It was impossible to produce 
anaphylactie shock by the intravenous injection of a eatgut extract 
into guinea pigs that had been previously treated with either catgut 
or catgut extract. (4) Serologic tests for antibody production in pre- 
viously treated animals were negative. (5) No disruptions occurred 
in either rabbits or guinea pigs which had been previously treated 
with catgut. (6) Although catgut implanted intradermally in both 
‘abbits and guinea pigs causes an inflammatory response, the leuco- 
eytic emigration is no greater in those animals that had been previ- 
ously treated with catgut or catgut extract. Therefore, one ean finally 
conclude that although catgut, just as any other suture material, acts 
as a foreign body and causes a leucocytic response, it does not act as 
an antigen, nor is it capable of producing antigenic irritative phenom- 
ena. (7) Of 35 eases of postoperative wound disruption analyzed, 
the primary cause of the disruption was found to be markedly in- 
creased intra-abdominal pressure, and there was no evidence whatever 
of so-called catgut allergy. Disruptions occur regardless of the suture 
material employed, principally in the fifth, sixth, and seventh decades 
in patients affected with malignant tumors. 

It is in no sense the intent of the present article to imply that catgut 
should be used in preference to silk as a suture material. The experi- 
ments bear simply on the question of hypersensitivity to catgut and 
they indicate that the use of catgut carries no danger referable to 
hypersensitivity to this material. 
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REPORT OF THE MEETING OF THE SOUTHERN SURGICAL 
ASSOCIATION, DEC. 7-9, 1948, NEW ORLEANS, LA. 


Ropert E, Cone, M.D., GALVeston, TEXAS 


HE fifty-fifth annual session of The Southern Surgical Association was held 
at the Roosevelt Hotel in New Orleans, La., Dec. 7, 8, and 9, 1943, during the 
course of which thirty-seven scientific papers were presented. 


W. H. Parsons, and (by invitation) John C. Henthorne, Vicksburg, Miss., re- 
viewed the problem of bone-forming tumors in soft parts, reporting their experi- 
ence with a patient with. osteogenic sarcoma of the lower lip. The authors em- 
phasized the value of careful study of biopsies histologically and the difficulties 
of differentiating myositis ossificans. 


W. L. Estes, Jr., and (by invitation) B. A. Bennett, Jr., Bethlehem, Pa., re- 
ported on eighty cases of perforation in peptic ulcer. In 38 per cent of their 
series no evidence of pneumoperitoneum was demonstrable. In 76 per cent simple 
closure was done. In 18 per cent excision and closure were done, in 18 per cent 
excision and closure with pyloroplasty, and closure and gastroenterostomy in 4 
per cent. After purse-string closure with two rows of infolding stitches, the 
authors noted no excessive encroachment upon the lumen of the duodenum. It 
was pointed out that re-perforation may occur after any type of treatment and 
this was noted in 12 to 18 per cent of their group. 


Frank H. Lahey, and (by invitation) Samuel F. Marshall of Boston reported 
their experiences with seventy-three cases of total gastrectomy, indicating the 
value of this procedure in selected instances. The authors favor the abdominal 
approach and usually remove also the spleen and omentum. 


Charles A. Vance of Lexington reviewed the literature and reported personal 
experiences with twenty-seven cases of congenital pyloric stenosis, urging early 
recognition and preoperative preparation, prompt operation, and careful postopera- 
tive care. 


J. Shelton Horsley, Richmond, Va., described his technique in resection of the 
colon by means of the Mikulicz operation plus enteroenterostomy with a rubber 
band, in an effort to combine safety with the elimination of a second stage opera- 
tion for colostomy closure. 


Isidore Cohn of New Orleans reported two cases of carcinoma of the duodenum, 
salling attention to the insidious development of this lesion and to the altered 
mucosal pattern on x-ray study. 


J. Barrett Brown (Lt. Col., Medical Corps), anc (by invitation) Frank Mc- 
Dowell of St. Louis illustrated their technique for block dissection of the cervical 
lymph glands in carcinoma of the mouth, lip, and tongue. 


Received for publication, Jan. 8, 1944. 
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W. B. Russ of San Antonio described the working of the OCD nonprofit blood 
bank for civilians, emphasizing its usefulness. 


The Association’s president, Barney Brooks of Nashville, in his presidential 
address, reviewed the development of surgery, calling attention to the importance 
of studying the patient from a psychic as well as a somatic standpoint. 


Walter E. Dandy of Baltimore discussed the newer aspects of ruptured inter- 
vertebral disks, stating that 98 per cent are diagnosable clinically without intra- 
spinal media injections, and that nearly all can be cured by complete removal of 
the disk. 


Paul B. Magnuson of Chicago discussed the differential diagnosis of causes of 
pain in the lower back accompanied by sciatic pain. In his opinion, backache 
with sciatic pain is not as simple a problem as it has been made to appear and 
requires careful differential study. 


Guy A. Caldwell of New Orleans discussed the diagnosis and treatment of 
spondylolisthesis. He called attention to the fact that only 10 per cent of indi- 
viduals with low back pain had spondylolisthesis. He described the mechanism 
of pain production and emphasized the importance of adequate x-ray visualization. 
Results following conservative and operative management were compared. 


Nathan Womack, and (by invitation) Heinz Haffner of St. Louis indicated the 
significance of cholesterolosis in badly damaged gall bladders, stating that in view 
of the irritating nature of cholesterol and bile salts, a chemical cholecystitis was 
demonstrable in one-third of the cases coming to surgery, indicating that inflam- 
matory changes may be secondary to chemical irritation. 


R. S. Sanders of Memphis studied 575 patients with gall bladder and common 
hile duct disease with especial reference to indications for surgery of the com- 


mon duct. 


A. O. Singleton, and (by invitation) M. D. Knight of Galveston reviewed the 
history and embryology of congenital tracheo-esophageal fistulas and reported the 
successful closure through a right-sided transpleural approach following gastrostomy. 


Harry Lee Archer (by invitation), and Edwin P. Lehman, Charlottesville, Va., 
confirmed the observations of Firor and Poth in the clinical and laboratory use of 
succinylsulfathiazole. Thirty-six patients were given this drug in preparation 
for operations on the large bowel with benefit and notable freedom from systemic 
reactions. 


Joseph D. Collins, Portsmouth, Va., presented a case of neurofibroma of the 
small intestine, calling attention to existing confusion in terminology and to the 
rarity of benign neoplasms in this location. 


William H. Prioleau, Charleston, 8S. C., reported two cases of massive resection 
of the small intestine. Case 1, with volvulus, survived resection of 260 em. of 
small intestine and 31 cm. of large bowel. Case 2, with volvulus, survived after 
removal of 354 em. of small intestine and 40 cm. of large bowel, but died later 
following a recurrent obstruction. 


Curtice Rosser, of Dallas, described the simple nonspecific penetrating ulcer of 
the cecum, emphasizing the difficulties of recognition and the importance of 
closure and drainage. 


Warren H. Cole, and (by invitation) Lewis J. Rossiter of Chicago, in a dis- 
cussion of chronic cystic mastitis, indicated classification into four major types: 
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first, adenofibrosis, second, parenchymatous hyperplasia, third, precancerous hyper- 
plasia, fourth, cystic disease. In their series of seventy-six cases, malignant trans- 
formation occurred in none of type one, in 3 to 10 per cent of type two, 20 to 30 
per cent in type three, and 2 to 4 per cent in type four. 


Alfred Blalock, and (by invitation) Edwards A. Park of Baltimore presented 
the surgical treatment of experimental coarctation (atresia) of the aorta. Ten 
of forty-three dogs survived after section of the aorta with closure of the ends 
followed by anastomosis of the subclavian into the side of the aorta. 


John J. Martin, and (by invitation) Merle Scott, Rochester, N. Y., reported 
the successful ligation of the abdominal aorta for dissecting aneurysm of the left 
common iliac. 


Rudolph Matas of New Orleans reported his personal experiences in the surgi- 
‘al treatment of aneurysms of the lower extremities, emphasizing the importance 
of collateral circulation and intrasaccular suture. 


Mims Gage (Lt. Col., Medical Corps) discussed the simplicity of the Matas 
endo-aneurysmorrhaphy, calling attention to the importance of testing the col- 
lateral circulation and to developing it when necessary. 


D. C. Elkin (Lt. Col., Medical Corps), and (by invitation) Barnes Woodhall 
(Major, Medical Corps), Atlanta, Ga., in discussing combined vessel and nerve 
war injuries, stressed the necessity for careful examination and called attention to 
the fact that vascular lesions may develop slowly. 


Howard Mahorner of New Orleans discussed the control of pain in post- 
traumatic and other vascular disturbances, emphasizing the relief of vasospasm 
following sympathetic injection by the Lariche method. 


H. J. Warthen, Jr. (Major, Medical Corps), Richmond, Va., discussed the treat- 
ment of burns complicated by fracture, with particular reference to compression 
dressings and skeletal traction. 


John E. Cannady, Charleston, West Va., presented a report of the healing of 
wounds as influenced by sulfonamide therapy and the use of cotton thread sutures. 
The author indicates a preference for sulfathiazole crystals in small amounts and 
is convinced that cotton sutures are less irritating than catgut, silk, or nylon. 


Cobb Pilcher of Nashville, in a discussion of the chemotherapy of intracranial 
infections, reported observations on the use of sulfonamides and of penicillin 
under various experimental conditions. He concluded that the sulfonamides were 
irritating and produced convulsions often and although helpful in meningitis were 
of no benefit for encapsulated infections or brain abscesses. The intrathecal use 
of penicillin was safe and beneficial. 


F. A. Coller of Ann Arbor discussed chloride intoxication. He stated that 
because some individuals have subnormal chloride levels the administration of 
sodium chloride solutions must be carefully watched and toxic symptoms recog- 
nized clinically. 


Charles G. H+eyd of New York, in a description of voice disabilities following 
thyroid surgery, reported a variety of speech and breathing defects following 
injury to the recurrent laryngeal nerve or its divisions. Dr. Heyd reviewed the 
physiology and anatomy of the larynx and pointed out that 5 to 10 per cent of 
normal individuals have unilateral vocal cord paralysis. 


J. Garland Sherrill, Louisville, Ky., discussed poliomyelitis and allied lesions of 
the cord and meninges. 


364 SURGERY 


acute appendicitis, called attention to the lack of agreement in regard to the 
surgical approach to the appendix, stating that since in 20 per cent of cases the 


K. H. Aynesworth, Waco, Texas, in a discussion of the McBurney incision in 


appendix is abnormally situated, preoperative efforts to detect abnormalities of 
location should influence surgeons in their approach. He emphasized clean cutting 

PI I 
as against tearing of the abdominal wall. 


Edgar Burns of New Orleans discussed the modern management of diverticula 
of the urinary bladder, calling attention to the importance of bladder neck 
obstruction and complete urologic investigation. Three patients with neoplasms 
in diverticula were presented. 


Robert E. Cone of Galveston discussed the management of eryptorchidism, with 
particular reference to the usefulness of the Keetly-Torek operation. Classifica- 
tion of eryptorchids permits judicious application of treatment, hormonal or surgi- 
al. Because of the possibility of natural descent, observation with postponement 
of surgery until puberty or shortly thereafter was advocated. 


Joseph A. Danna of New Orleans, in a report of interesting experiences with 
ether anesthesia, noted that in several instances surgical anesthesia lasted for 


varying periods (as much as one and one-half hours) after open-drop administra- 
tion was stopped. The clinical applications of this phenomenon were discussed. 
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Book Reviews 


Urology in General Practice. By Nels F. Ockerblad and Hjalmar E. Carlson. 
383, with 97 illustrations. Chicago, 1943, Year-Book Publishers, Ine. 


Pp. 


This is another textbook of urology in abbreviated form. Within its limitations 
of space it is, in a sense, excellent. The commoner ailments of the male urogenital 
system are well covered, and it contains so many practical suggestions concerning 
treatment, that students, practitioners, and urologists will find it worth-while reading. 

On the other hand, it is pretty arbitrary in many respects, and does not encourage 
the uninitiated reader to form any opinions of his own, nor to look further for 
information. The authors have undertaken to perpetuate the legend that sudden 
emptying of the chronically distended bladder is dangerous. Their habit of recom- 
mending three tablets of somebody’s proprietary remedy a day instead of using 
the more formal terminology and giving the dosage in some system of weights and 
measures, while concise, is not in line with the best current practice. 

Many urologists of experience will dispute their statement that treatment with the 
high voltage x-ray is of no value in vesical neoplasms. Exceptions are at least 
numerous enough to make this a harmful remark in a book aimed at the general 
practitioner. 

One cannot but wonder at the source of the authors’ impression that all the re- 
sults of castration in the 1890’s for obstruction at the vesical neck were satisfactory, 
‘‘the prostate returning to normal size in every instance.’’ Is this sarcasm? If it 
were true, the operation could hardly have been abandoned so completely. The 
reviewer feels that a book on urology for the general practitioner should not only 
mention the urea splitting bacteria in stone formation, but should point out that 
they usually follow instrumentation by a physician, and particularly misuse of an 
inlying catheter. One misses, also, any helpful suggestions on the treatment of the 
tabetie bladder. 


Essentials of Proctology. By Harry E. Bacon. Phila- 


delphia, 1943, J. B. Lippincott Co. $3.50. 


Pp. 361, illustrations 168. 


This is a volume of 361 pages with a foreword by Dr. Curtice Rosser. The 
material is presented very clearly and the book contains an adequate number of 
very good illustrations. 

An interesting feature of this volume is the very complete index of signs and 
symptoms which is found on the fly page. This feature adds much to the value of 
the book and could well be duplicated by other authors. 

Dr. Bacon has devoted sufficient space in discussing the anatomy, embryology, and 
physiology of the anus and rectum without burdening the reader with too much 
detail. The author covers all of the ordinary types of anorectal pathology as well 
as the differential diagnosis of the related diseases. Emphasis, upon the more im- 
portant types of perirectal abscesses and fistulas and their treatment, is well made. 

An entire chapter is devoted to tuberculosis of the anorectal region. This serves 
its purpose well in demonstrating the differentiation between tuberculous ulceration, 
ulcerative colitis, amebie dysentery, and hyperplastic tuberculous stricture, and 
malignancy. 

The chapter on hemorrhoids is covered very well and is well illustrated. The in- 
jection treatment of internal hemorrhoids is discussed quite completely and the 
author’s method of the surgical removal of hemorrhoids is described graphically. 
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In dealing with malignant tumors of the rectum and sigmoid colon, the author 
has given preference to the one-stage abdominoperineal procedure without colostomy 
as described by Babcock. The one-stage procedure of Miles is also described. 

Dr. Bacon is an authority on lymphogranuloma venereum and in the text has 
devoted considerable space to the discussion of this disease. One cannot read this 
chapter without being impressed with the fact that too often many cases of this 
disease are missed. 

Altogether, this book is a comprehensive manual of anorectal disease and com- 
pares favorably with the author’s previous book, Anus, Rectum, Sigmoid Colon. The 
text can be well recommended to interested readers. 


The Hospital Care of the Surgical Patient. By George Crile, Jr., and Franklin L. 
Shively, Jr., Cleveland Clinic, with a foreword by Evarts A. Graham. Pp. 184, 
with 21 illustrations. Springfield, Ill, 1943. Charles C Thomas, Publisher. $2.50. 


This little book was intended primarily as an aid to the beginning house officer, 
and in most respects it should serve admirably for this purpose. It describes in most 
practical fashion the relationship that should exist between interns and nurses, be- 
tween interns and staff members of hospitals, and between interns and the patient. 

It outlines in brief and clear fashion the procedures which the intern-might be 
valled upon to do. Most of these procedures are described in modern and generally 
accepted fashion, but a few are not. There is no material on the blood or plasma 
bank, and the method of drawing blood from donors is the old open one rather 
than one of the closed ones which have generally been found necessary to prevent 
contamination and allow preservation of blood for days or of plasma for longer 
periods. Hot-water bottles and warm blankets are recommended for the treatment 


of shock, a practice now generally and properly abandoned. The use of inlying nasal 
gastric tubes for several days before operation is blamed for a very high incidence of 
postoperative pulmonary complications, a conclusion not reached in many other clinics. 

Despite the faults which have been listed, the majority of the procedures and the 
bulk of the discussion are accurate, concise, and easily readable. This book is a very 
helpful addition to the armamentarium of the intern. 


Surgery of Modern Warfare. By sixty-five contributors, Edited by Hamilton 
Bailey. Ed. 1. Pp. 899, with 828 illustrations, in two volumes. Baltimore, 1941, 
Williams & Wilkins Company. $10.00. 


These two volumes embrace the entire range of traumatic surgery. The various 
sections are written by men who have had firsthand experience in the management 
of the wounded. The volumes contain accounts relating to projectiles and their 
effects upon various tissues; the organization of first-aid and emergency medical 
services; transportation of the wounded; shock, its causes and management; the 
localization of foreign bodies; the choice of anesthetic agent and satisfactory 
sections on all regional types of injury incident to warfare. Volume II concludes 
with an appendix of 50 pages containing up-to-the-minute last available surgical re- 
ports from the various Allied sectors. 

These two volumes can be recommended as constituting the current military prac- 
tices by our English surgical colleagues. The whole range of military surgery is 
discussed by surgeons who have had firsthand contact with care of the wounded in 
World War II. 
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~ arations in the treatment of infected wounds, it is a pleasure to 
announce that the SALINE MIXTURE of AZOCHLORAMID is now 
available in SURFACE ACTIVE form at no advance in price. 
The aqueous solution of SURFACE ACTIVE SALINE MIXTURE 
of AZOCHLORAMID contains ALOCHLORAMID 1:3300 and, in 
addition, sodium tetradecyl sulfate—a surface active (wetting ) 
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penetration of otherwise inaccessible areas of tissue effecting 
rapid contact between invading organisms and the bactericidal 
AZOCHLORAMID.* Moreover, this solution effectively disperses 


pus and other organic debris from a wound suface. 
*CHLOROAZODIN U.S.?. 


Available in powder form in bottles 
to prepare 1 gallon or 25 gallons at 
hospital and prescription pharmacies. 
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It's “A-1" in the army... and in the navy, too! Thousands of copies of this one-volume war 
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Key & Conwell’s 
Up-to-the-Minute 
New Third (1942) Edition 


FRACTURES, UISLOCATIONS 
AND SPRAINS 


By JOHN ALBERT KEY, B.S., M.D., Clinical Professor of 
Orthopedic Surgery, Washington University School of Medi- 
cine, St. Louis; and H. EARLE CONWELL, M.D., F.A.C.S., 
Consulting Orthopedic Surgeon to the Tennessee Coal, Iron & 
Railroad Company. 1278 pages, 1259 illustrations. 

PRICE, $12.50 


The Journal of Bone & Joint Surgery says: 


“The number of books on fractures in the English 
language is not small. There are, however, very few 
which are modern and comprehensive, and which can 
be used as a practical working guide in the manage- 
ment of fractures, dislocations and sprains. The book 
received immediate recognition as an outstanding con- {ff 
tribution when first published in 1934. Revised in 
1938 and again in 1942, it has kept as nearly abreast 
Over 100 New of current practice as can reasonably be expected of 
? any text. No other clearly surpasses it, and this 
Illustrations reviewer feels that Key and Conwell lead the field. 
Coming from the press at a This volume has earned its place on the reference 
shelf of every one who treats fractures. The present 
sharp rise in traumatic inju- edition contains revisions in the chapters on fractures 
ries inevitable, the new Third 
Edition of Key-Conwell’s of the spine, humerus, hip and foot. The chapter on 
compound fractures has been rewritten and contains 
meets an urgent need. a section on war wounds. The principles laid down 
So much new material, so are in accord with sound modern surgical practice, 
though every critical reader will find details and 
| been the revision, that this techniques recommended which he would alter or 


Third Edition is in reality a : : ‘ 4 
hee discard for others better suited to his taste.’ 


new book. 


THE C. V. MOSBY COMPANY MJ 
3525 Pine Blvd., St. Louis 3, Mo. 


Gentlemen: Send me “FRACTURES, DISLOCATIONS & SPRAINS,’’ price, $12.50 


_... Attached is my check. 


Charge my aecount. 
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Authoritative — Up-to-the-Minute — Complete 


CURRENT OBSTETRICS AND GYNECOLOGY 


Proceedings of the Second 


AMERICAN CUNGKESS 
UN OBSTETRICS AND GYNECULUGY 


A correlated program of essays, panel discussions and symposia epitomiz- 
ing everything important and new in the fields of obstetrics and gynecology. 
The subject material, carefully integrated in advance, is presented under the 
strict criteria of question and answer discussions. Authors are unimpeachable 
authorities—each in his respective field. Discussors are especially selected 
for experience, critical ability. Analyses and summaries are—as a result—the 
last word. No stone is left unturned. The result is: 


A Work Absolutely Essential to Specialist, General 
Practitioner, Nurse, Hospital Executive and 


Maternal and Child-Welfare Worker 


Among the Contributors Are: 


Fred L. Adair Nicholson J. Eastman Edward Allen 
Aura E. Severinghaus og E. Schmitz Robert D. Mussey 


Robert Latou Dickinson . D. Plass J. P. Greenhill 

G. D. Royston I. C. Rubin E. G. Waters 

Carl G. Hartman Abner I. Weisman Harry W. Mayes 
R. S. Siddall David S. Hillis Alan F. Guttmacher 
John L. Parks Lewis C. Scheffey Philip Levine 

Alex E. Brown A. W. Diddle A. N. Arneson 

E. Granville Crabtree James R. Reinberger Sidney O. Levinson 
Curtis J. Lund Lyman W. Mason Paul F. Fletcher 


and over sixty others 


Almost every important teaching institution represented. 

Obstetrics, Gynecology, Obstetrical Hospital Management, Obstetrical 
Nursing, Public Health and Social Service Aspects. 

A complete correlated refresher course absolutely up to date. 


Price, $5.50 


PUBLISHED BY THE WESTERN JOURNAL OF SURGERY PUBLISHING COMPANY, 
PORTLAND, OREGON, FOR THE AMERICAN CONGRESS ON OBSTETRICS 
AND GYNECOLOGY 


Te: 2-44 
THE AMERICAN CONGRESS ON OBSTETRICS AND GYNECOLOGY 


650 Rush Street 
Chicago, Illinois 


Please place my order for one copy of the 1942 Transactions, at $5.50 per volume, for which 
check is enclosed (or) you may bill me when volume is shipped. 
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EASTER SEALS 


nature of the times. 


five main points. 


organization. 


men and women. 


Library Association, is making every possible effort to secure war-published 
issues of medical journals for the restoration of the devastated old and 
honored institutional scientific libraries of all nations. 
tracted with this Committee to supply copies of SuRGERY. 
of stock of copies of the following issues, and will pay fifty-five cents a 


copy—the amount we are charging the Committee—for them. Address 


yours to: 
Blvd., St. Louis 3, Mo. 


Vol. 
Vol. 
Vol. 14, No. 3 Sept., 1943 


Will You Sell Your Back Copies .. . 
To Re-establish a Destroyed Library? 


The Committee on Aid to Libraries in War Areas, of the American 


Circulation Manager, The C. V. Mosby Company, 3525 


8, No.2 Aug., 1940 
8, No. 3 Sept., 1940 


Opportunity for Crippled 
Children 


The annual sale of Easter Seals (March 9— 
April 9) this war year of 1944 comes as a re- 
minder of the problem of the crippled youth of 
America—a problem which is underlined by the 
The Easter Seal has come 
to symbolize the complete and ideal program 
for the adjustment and restoration of handi- 
capped children to a normal and happy life. 
This program, which requires many agencies, 
both public and private, to effect, consists of 
These are an opportunity for 
the child to get well, to go to school, to play 
with other children, to learn a trade or profes- 
sion, and to work for a living. 
constitute the same list of opportunities America asks for all of her children. The 
growth of the annual Easter Seal sale, sponsored by the National Society for 
Crippled Children, reflects the public desire that this work continue and flourish. 
This year as never before we should support the work of the voluntary service 
The sale of Easter Seals offers an opportunity for all citizens to 
share in the important job of building crippled children into happy and useful 


In short, they 
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Pin-up picture for the man who “can’t afford” 


to buy an extra War Bond! 


OU’VE HEARD PEOPLE Say: “I can’t afford 

to buy an extra War Bond.” Perhaps 
you’ve said it yourself . . . without realizing 
what a ridiculous thing it is to say to men who 
are dying. 

Yet it is ridiculous, when you think about 
it. Because today, with national income at an 
all-time record high . . . with people making 
more money than ever before. . . with less and 
less of things to spend money for. . . practically 
every one of us has extra dollars in his pocket. 


The very Jeast that you can do is to buy an 


Let’s all BACK THE ATTACK 


extra $100 War Bond .. . above and beyond 
the Bonds you are now buying or had planned 
to buy. In fact, if you take stock of your re- 
sources, you will probably find that you can 
buy an extra $200... or $300... or even $500 
worth of War Bonds. 


Sounds like more than you “can afford?” 
Well, young soldiers can’t afford to die, either 
... yet they do it when called upon. So is it too 
much to ask of us that we invest more of our 
money in War Bonds... the best investment 
in the world today? Is that too much to ask? 


This is an official U. S. Treasury advertisement—prepared under auspices of 
Treasury Department and War Advertising Council 
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CANCER of the FACE and MOUTH 


By VILRAY P. BLAIR, M.D., SHERWOOD MOORE, M.D., and 
LOUIS T. BYARS, M.D., St. Louis. 


600 pages, profusely illustrated. PRICE, cloth, $10.00. 
This volume is presented with the hope that a concise résumé of the observa- 
tions made during the past twenty years on something over 1500 per- 
sonally treated cases of epithelial malignancy arising in or about the face 
and mouth will be of some help, when help is most needed, to the men who 
first see these eases and who bear the great responsibility of deciding what 
shall be done at a time when it is most likely that something worth while 
can be done. 


The volume is really a systematic review of the personal experience of the 
authors in the treatment of the eases discussed. The cases include those 
treated in the last twenty-five years, some by surgery alone, some by radia- 
tion alone, and some by a combination of radiation and surgery in close 
co-operation of the authors. The photographs were selected individually 
to demonstrate specific points of interest and each is discussed in the text. 
In addition there are zinc-lined etchings which clearly demonstrate points 
of technic. 
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Make Your Surgical Patient 


eral circulation, 


Contents 


Introduction; Anesthesia and Anesthetic 
Agents; Surgical Technique and the Treat- 
ment of Wounds; Disorders of the Circula- 
tory System: Heart Diseases; Disorders of 
the Circulatory System: Thrombosis and 
Embolism; Disorders of the Circulatory 
System: Shock or Peripheral Circulatory 
Failure; Metabolic and Nutritional Disturb- 
ances: Fluid and Electrolyte Disorders; 
Metabolic and Nutritional Disturbances: 
Acid-base Disorders; Metabolic and Nutri- 
tional Disturbances: Nutritional Disorders 
of Surgical Patients; Metabolic and Nutri- 
tional Disturbances: The Management of 
the Surgical Patient with Diabetes; Meta- 
bolic and Nutritional Disturbances: Hyper- 
tension and Nephritis in Surgical Patients; 
Metabolic and Nutritional Disturbances: 
Endocrine Disorders; Postoperative Pul- 
monary Complications; Abdominal Com- 
plications; Other Complications. 


for Operation 


Surgery means more than cutting tissue or tying blood vessels. 
The modern concept of surgery is safety for your patient— 
the prevention of shock and the proper treatment of shock if 
it should develop. It means a proper understanding of periph- 
water balance, the oxygen supply to the 
tissues. It means a proper understanding of chemistry of the 
body fluids and of how to maintain the proper electrolyte 
balance in the body fluids. 

As a competent surgeon you must have a thorough knowledge 
of these principles. 
CAL CARE: SHOCK AND OTHER PROBLEMS’’ gives you this 
knowledge clearly, simply and completely. The work of a pioneer in 
surgery, it covers not only shock but also such related problems as 
dehydration, hypoproteinemia, avitaminosis, anoxia, pulmonary com- 
plications and intestinal distention. 


PRINCIPLES of SURGICAL CARE 
SHOCh AND OTHER PROBLEMS 


by ALFRED BLALOCK, M.D., Professor of Surgery, Johns Hopkins 
University. 308 pages, 13 illustrations. PRICE, $4.50. 


Blalock’s ‘‘PRINCIPLES OF SURGI- 


Reviews 


“It emphasizes that operation is only part 
of the treatment of surgical patients. The 
author has presented well correlated and 
well digested material. The book is an 
enlightening report of the care a modern 
surgeon can offer along with his skillful 
technic and judgment at the = 
table.” JOURNAL OF THE A. 


“Here is a book which should not only be 
in the library of every physician and sur- 
geon, but its contents should become as 
much a part of them as their knowledge 
of Gray’s Anatomy and Osler’s Medicine.”’ 
ANNALS OF SURGERY. 


“‘There is probably no one so well equipped 
to write a monograph on shock as is Bla- 
lock, and he has lived up to expectations 
in presenting a book which every student 
and every practitioner of medicine should 
have.’’ SURGERY 
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A ROUTINE MEASURE 
TO PREVENT 
NEONATAL HEMORRHAGE 


Hemorrhagic disorders in the newborn can be strik- 


ingly reduced by the administration of vitamin K to 
mothers during labor. Synkayvite, the Roche vitamin 
K-compound, is the choice of many physicians for 
routine prophylactic vitamin K therapy because of its 
all-round therapeutic efficiency. Molecule for mole- 
cule, it is one and one-half times as active as natural 
vitamin K, yet relatively nontoxic. Supplied in oral 
tablets, 5 mg each; and ampuls, cc,5 mg or 10 mg each. 
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